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PREFACE 

' 

The present volumes contain 768 abstracts submitted to the 15th General 
Meeting of the International Mineralogical Association to be held in Beijing, 
China from June 28 to July 3, 1990. 

Mineralogy, a fundamental science of geology, has a long history of its re­
search. In the past decades, the rapid development of mineral physics has great-

. 

ly improved the techniques and methods for studying this classic discipline, thus 
causing the research to be more comprehensive and deep-going and the science 
itself to embrace more and more branches. Considering the trend in mineralogy 

· and the requirements of its branches, the Council of the International 
Mineralogical Association and the Scientific Committee of the 15th IMA Gen­
eral Meeting organize 28 symposia {or sessions) during the Meeting. 

The abstracts included are grouped in the light of the titles of symposia (or 
• 

sessions), and within each group, they are arranged in alphabetical order of the 
first authors, with some abstracts which arrived too late as an exception. It is to 
be noted that the classification of abstracts into symposia {or sessions) is based 
on the authors' own choice. Most of the abstracts have been reproduced 
directly from the camera-ready copies prepared by. the authors, and a number 

. 

of them had to be retyped to get into the correct format. 
To view the volumes as a whole, we can see that the abstracts, with fairly 

high level, involve profound subjects related to mineralogy, and some of them 
are up to the advanced world level. 

The Scientific Committee of the General Meeting is very much grateful to 
the Council of International Mineralogical Association, the IMA Commissions 
and Working Groups, the conveners of all symposia {or sessions), Chinese 
Academy of Geological Sciences and its Institute of Mineral Deposits and the 
Geological Society of China for their great support and generous efforts. 

Many thanks are also extended to Zhao Donggao and Zhou Jianxiong 
who have done a lot of work for the publication of the two volumes . 

• 

Huang Yunhui 
First Vice President of IMA 

Chair1nan 
Scientific Committee 
l 5th IMA General Meeting 

• 
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GENETIC MINERALOGY AND PROSPECTING 
MINERALOGY 

• 

6. C. AMSTUTZ, Mineralogic-Petrological Institute of the 
University of Heidelberg. 

Pseudomorohs - a revision of the terminology and of their genetic 
meaning in petrology and ore genesis. 

The geometric and compositional steps in the formation of 
pseudomorphs are fairly well known, understood and pictured in 
figure 1. One aspect, however, is still controversial. This is the 

imetic replacement of a phase A by a phase B <or C>, where the 
final product is assumed to fill the space of A so perfectly and 
11crystallo-graphically'' that the original presence of A is not any 
longer recognized. Are such cases of perfect mimicry possible <or 
are we ••mimicking'' ourselves, when introd~cing this hypothesis into 
genetic theories>? In other words, are such perfect pseudomorphs 
possible though rare and products of replacement, or are they 
assLtmptions of t,he impossible. 

The statistical treatment of several thousands of pseudomorphs 
of all kinds of crystal lattices and compositions resulted in a 
clear minimum in the grain size distribution between the original 
phase A and any new (secondary> phase B or <ternary> phase C. The 
grain si~es of the new. phases is, without known exceptions, betNeen 
about 10 and 100.000 times smaller than that of the original phase A 
figure 1, left side). In addition, the orientation of the new 

ases is different, with very few exceptions which may represent a 
orm of epitactjc growth. Consequently, the evidence is strong 
-~ainst the formation of optically homogenous ''end-products'' of 

filling. -

• 

A second problem arises from the fact that the existing 
efinition of pseudomorphs does not include cases where the shape of 

e crystal is preserved and marked by an outline of remnant 
aterial~ but where the phase B <or C> has grown beyond the original 
orders of the grain. This is shown on the right side of figure 1. 
~.ese ''ghost-crystals'' are common and it is proposed here that their 
eametry corresponds in fact to both parts of the word pseudo­
orphs. They are ''pseudo''-crystal s and their shape <gree~~ ''morphae••) 
s visible. In a broad sense, any natural object - also fossil 

ce_ ... s, leafs, etc. - may be pseudomcrphically changed,. filled and/or 
eplaced by a phase B or C etc. -

The second topic of this abstract is intrinsically related to 
e first one. If the central column of Figure 1 is a ''forbidden 

_-ea J for pseudomorphs, various genetic theories in· petrology and 
• 

-e genesis must be revised. The rocks and ores in question may 
~- ~ g to the class of processes for which experiments <syntheses> 

~ 
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are sti 11 • • m1ss1nQ. - • 

The following conclusion will be drawn: The term ''mimetic 
replacement" is often erroneous and/or premature and should not be 
used when accurate and systematic observations on pseudomorphism are 

• • m1ss1ng. 

• 

• 

• 

• 

A A+B+C+ .•• (A +)B+C+ ... 
Vtrbrtittttr ,Wtehanismus der Pseudomorphostnbildung: das 
urspriinglicht ,itinera/ A 1e,·ird schrittweist in tin Gtmengt B ( + 
C + D ttc.) umg~·andtlt. Es rt.sultitn in dtr R~tl tin wmtngt 
(tin sogtn •• Wosaik), das mono- oder (lidufigtr} po/.\·mintralisc/1 
ist. also aus B + C + D ttc. btste/11 . 

• 

o ._f- s e "'do m o,. P- II 1'c 
re.P.,lo.c.e me"t 

• 
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PETROGRAPHIC STUDIES AND MINERALIZATION OF SENDJ DEPOSIT, . 
KARAJ, IRAN. 
Fireuz Aliaia, Miaiag Ia•titute, Amirkabir Uaiveraity •f T•~ 
chaeleg7, 424 Hafez Ave., Tehraa, Iraa. 
Ahmad Khakzad, D•partment •f Ge•logy, Shahid Behe•hti Uaiv. 
Evia, Tehraa, Peatal cede 19834, Iraa. 
The Seadj · ere depesit ia lecat•d abeut 45 km. nerth ef Karaj 
Iraa. Fr•m petr•graphic view the depeait iacludea the fell•­
wiag uaita: a) Tufface•u• ••riea with the thick•••• betweea 
200 t• 250 meter, which are Tertiary ia age. The•• reek• 
range ia cemp••iti•a fr•m andeaitic type t• trachyaadeaite, 
b) P•rphyritic aad••ite which everliea the tuff• with the 
thickaeaa rangiag frem 40 t• 50 meter. The cemp•aitiea •f 
th••• r•cka raagea frem trachyaadeait• t• trachyaadeaite­
ba~alt, c) The p•rphyritic aadeaite ia ever.laia by a meaz• .. 
aite aill, which h•a a thick•••• ef ab•ut 150 met•r. Th• 
bettem part •f the aill haa the cemp••iti•a •f meaz•dierite 
aad the tep part ia c•mpeaed •f quartz m•azeaite t• alkali­
meazeRite. 

Mia•ralizatien ia Seadj depesit •ccurs meatly ia perphyri­
tic aadeaite and le&• •• ia the tuffa. The mia•ralizatiea 
which are maialy en the ferm •f veiRleta ceataina chalcepyr 
ite, m~lybdeaite, aiccelite aad cebaltite. Miaer •re miaer• ~ 
l• iaclude aaabergite, erithrite, Galeaa, Sphalerite, and 
pyrite. ... 

Th• percentage •f dif tereat metala in the aamplea takiag 
frem the preapect baa beea eatimated aa fellewa: Cu(5-14%), 
M•( 0.6-1.2%), Ni( 0.15-1.7% ), C•( 0.7-2% ), Au{ 1-2ppm ). 

Geechemical iav••tigati••• iadicated that meaz•aite ia p••r 
ia miaeralizatiea, ·but ·the ameunt •f Cu, Ni, C•, B, Pb, Za, 
aad S are high ia perphyritic aadeaite. 

Ore micreacepic atudi•• aad parageaeai• •f the minerals iD­
dicate that the miaeralizati•n baa been eccurred ia a hydr•­
thermal ceaditi•• and it ia aupp•••d that the area ceuld be 
iaveatigated fer a P•••ible Cu-M• p•rphyry dep••it. 

ALTERATIONS AT THE BOTTOM OF GEOTHERMAL SYSTEMS: THE CASE 
STUDY OF SAINT MARTIN (LESSER ANTILLES) . 

. 

0. BEAUFORT, P. PATRIER, AND A. MEUNIER, Laboratoire de. 
petrologie des alt~rations hydrothermales, U.A. 721 CNRS, 
Universite de Poitiers, 40 Avenue du Recteur Pineau, 86022 
POITIERS CEDEX, FRANCE. 

-3-
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The Island of Saint Martin belong to the andesitic volcanic 
arc of the lesser antilles along the eastern margin of the 
caribbean plate which is undert hrust by the Atlantic ocean 
floor. The island of Saint Hartin is composed by a sequence 
of Eocene sedimentary and volcanic rocks intruded by a 30 HY 
old quartz diorite pluton. Circulations of hydrothermal 
fluids characterized the subsequent thermal evolution of the 
system; they generated a 4 kilometers wide alteration halo in 
the tuffaceous rocks surrounding the pluton. The petrological 
characteristics of the altered rocks and the fluid inclusion 
data argue in the sense that the part of the geothermal 
system which is actually accessible corresponds to the roots 
the fossil system . 

• 

Fracturing pattern: The weakly fractured rocks represents the 
main part of the surf ace area of the fossil system which 
actually outcrops; they are characterized by massive rocks in 
which only small discontinuous fractures may be observed. The 
fracture density of weakly fractured rocks decreases with 
increasing distance to the pluton and desappear out of about 
2.5 km from the pluton. The early regional forces controlled 
the emplacement of the quartz-diorite pluton of Philipsburg 
and the major ·structural breaks observed in the altered host 
rocks. The magmatic stresses created randomly oriented and 
interconnected structural breaks which are concentrated at 
the margin of the quartz diorite pluton. They led to several 
centimeters wide veins which may be continuously observed 
over several tens of meters. 
Alteration pattern: In the overall system, alteration 
consists of three concentric zones locally crosscut ted by 
fault and fracture controlled veins. With increasing distance 
from the intrusive body, the following secondary mineral 
assemblages crystallize in the weakly fractured rocks : 
-epidote + actinolite + quartz + magnetite as far as 300 
meters from the intrusion, 
-epidote + quartz + chlorite ± haematite between 300 and 
3000 meters 
-mixed layer illite/smectite (R3 ordering type and 95% 
illite) + mixed layer chlorite/smectite ,(90% chlorite) + 
calcite + haematite between 3000 and 4000 meters. 
The paleotemperatures estimated from fluid inclusions study 
in quartz and calcite indicate that· such alteration zoning 
emplaced in a 350 - 200°C temperature range. In the weakly 
fractured rocks, the measured . paleotemperatures 
exponentially increase toward the pluton. Chemically, these 
altered rocks do not seems strongly modified; the most 
significant . compositional · variation is a progressive · 

-4-
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enrichment in volatile components, (H_2 o, co2~, ~~o_ward the 
outest alteration zone .. All the fault and fracture controlled 
veins result from two successive hydrothermal stages: 
-During The first hydrothermal stage, toumaline + orthoclase 
+ actinolite + quartz + apatite + magnetite and sulfides were 
deposited in the fractures and their adjacent wall rocks by 
NaCl rich brines at temperatures higher than 3S0°C .. 
-During a second stage these previous veins were largely 
superimposed by phengite + quartz ± pyrite alterations .. This 
highly destructive alteration stage strongly affected the 
surrounding wall rock over distances which may attain 10 m on 
both sides of the main fractures at temperatures ranging from 
350 to 2so 0 c .. 
Chemically, the first vein alteration stage seems controlled 

by infiltration of fluids enriched in magmatic components (B, 
K, S, Cl, P and Cu ).. The second stage correspond to 
important dilution of the previous fluids by meoteric 
fluids and led to strong leaching of Na, Ca, Mg, Mn and Fe 
elements in the wall rocks. 
As a conclusion, the alteration of the weakly fractured rocks 
occured near thermal metamorphic conditions ( inactive flow 
regime in diffusive heat transfert) whereas fractures and 
faults were the main channelways to mass and heat transfer in 
active flow regime .. At the bottom of this geothermal fields 
the phengitic veins seems to be useful guides for the 
prospection of productive reservoirs .. 

• 

MINERAL CHEMISTRY OF TOURMALINES 
DISTRICT, APUANE ALPS (ITALY) 

FROM THE BOTTINO MINING ~ 
- ~~~o A,A~ • 

. 

Marco Benvenuti, Pilario Costagliola, Pierfranco Lattanzi, 
Dip. Scienze della Terra Universita' di Firenze, Italy 
Giuseppe Tanell i, . Dip. Scienze della Terra Uni vers i ta·' 
Federico II in Napoli, Italy 

At Bottino (southwestern Apuane Alps), tourmaline-rich rocks 
(tourmalinites) occur within a low-grade, multiply deformed 
Paleozoic basement, in close association with Pb-Ag(Zn) 
mineralization. On the ground of geological~ textural, and 
chemical features, they have been interpreted as indicators 
of exhalative pre-Alpine (Paleozoic?) boron and metal 
enrichment. 
Electron probe analyses of tourmalines from both 
tourmalinites and metapelitic an~ metavolcanic country rocks 
reveal compositions that fall between · "end-member" 
schorl-dravite series and a proton- and alkali-deficient 
end-member, R1-xR3 3 +Rs 3 +(B03)3Sis01e03-x(OH)1+x• There is 
only a loose correlation between optical zoning and chemical 
compositions. Tourmalines from tourmalinites· ·show average 
FeO/(FeO+MgO) and NazO/(Na20+CaO+K20) ratios of 0.56 and 
0.67, respectively. Their compositions are similar to 

-5-
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tourmalines from exhalative tourmalinites, whereas 
significantly differ from granite-related tourmalines. They 
are slightly Fe-richer, and appear to be affected by higher 
degrees of proton loss- and alkali defect-type substitutions 
than tourmalines from host rocks. Tourmaline chemistry do not 
appear to have been significantly modified by metamorphism, 
as evidenced by absence of systematic Mg/Fe partitioning 
between tourmaline and metamorphic chlorite. 

REFERENCE: 
Benvenuti, M., Lattanzi, P., and Tanelli, G., 1989, 
Tourmalinite-associated Pb-Zn-Ag mineralization at Bottino, 
Apuane Alps, Italy : geologic setting, mineral textures, and 
sulfide chemistry: Economic Geology, v. 84, (in press). 

·. MINERALOGY AND ORIGIN OF APATITE DEPOSI~\S IN 

.! PROCEMBRIAN STRATA ON AI.DAN SCHIEI.D (SIBERIA, USSR) 
A.G.Bulakh, Department of Mineralogy, Geological 
faculty, Leningrad state University, Leningrad, 
1 990 34, USSR 

. 

There are about 20 apatite min~ral deposits in pro-
cembrian stra.ta on are?. of Aldan schield now. 1I'hey 

• 

are qf two main ·types: apatite-carbonate ''ores'' and 

. apatite-silicate ''ores''. The best example of deposit 

wi·th the first ''ores'' is Seligdar deposit ( everage 
contain of P2o5 is about 6,3 %), the second one -
Ukduska (3 %). Seligdar deposit has complicated fold 
structure. Here proterosoic apatite-carbonate ''ores'' 

of methasomatic hydrotherrna_l origin occurs in a.rchean 

gneises, schis·t;s and apatite-bearing marbles. Late 
methasomatic vej.ns of anhydrite and (else later) gyp-

sum generated in apatite ''ores''• As result apatite 
''ores'' have ·,,·~such an average composition (%): apatite 
18, carbonates 70, sulfates 0,2, ma.gne"t!ite and hema­

ti te 5,- schis·t .; silicates 5, quartz 1. Apatite has 

very unusual brown or red-brown coloure (pigment is 
. 

dispersed hematite)o Formula of apatite: (Ca4 , 92 
_sr0 ,02TRo,03Nao,03)5(P304)3(Fo,7sOHo,22)1. Ukduska 
deposit. is an isocline fold of different methamorfic 

• 
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roclcs. Apatite iB concentrated in a very thick stra-
• 

tum of diopside rocks (schists?). Apatite has blue 
coloure. It contains 0,60 SrO, 0,22 TR2o3, 1,80 % F. 
There are a lot of data on chemical composition, 
structure and properties of apatite and other mineral6 
of apatite ''ores'' from both deposits. Isotopic data 
on C, O, Rb, Sr confirm geological data on priori 
sedj,mentogen sou.rce of phosphorus. 

References: 
AoG.Bulakh, AoA.Zolotarev cl all. On mjneralogy and 

origin of Seligdar apatite deposit. In: International 
Geol. Rev. 1985, 02. 
A.G.Bulakh, V.N.Schvanovo Apatite sandstones in Se­
ligdar river head. In: Lithology and mineral deposits 
1986, 03. 
A.G.Bulakh, V.N.Gulij, A.A.Zolotarev (in ~ussian). 

Phosphorous ores in procembrian strata of Aldan 
schield. 1990. Leningrad, Leningrad University. 190p. 

GENETIC CHARACTERS OF THE GOLD MINERALS IN HONGHUAGOU 
GOLD "FIELD, CHIFENG, INNER MONGOLIA I Is 

. 
• 

CAI Aili and AI Yongde, Institute of Mineral Deposits, 
Chinese Academy o:f Geological Science.a, 26 Baiwanzhu-­
e.ng Road, Beijing·, 100037, People,• s Republic of Chi­
na 

The Honghuagou gold field located on the margin of 
the North China craton includes 3 gold deposita-Hong­
huagou, Lianhuashan and Chaihuolanzi gold deposits. The 
deposits occurred in Archaean metamorphic complex-main­
ly amphibole-plagioclase gneiss, plagioclase amphiboli­
te, which were migm.atized in various extent. The ore 
bodies were controlled by the NNW-SN shear zones and 
fractureso The gold mineralization commonly and closely 
associated with the diorite porphyrite dyke. The ore · 
bodies of the three gold deposits are mainly auriferous 
quartz veins with the only exception in Chaihoulanzi, 
where the ore bodies also occurred in altered rocks.'lhe 
ore min ral assemblege is uncomplicated and dominated 
by a variety of sulphide and oxide minerals, including 
pyrite,ohalcopyrite,galena and a little pyrrhotite and 
sphaleriteQ The gold mineralization is closely related 
to th intrusion of the granitoid in the Yan Shan Oro-

-7-
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geny. . 
The gold mineral is mainly native gold and a little 

electrum which mainly formed in four periods: 
1.The ea~ly quartz period: The mineralization in the 
period mainly consists of ~ross -9uartz .a~d a few native 
gold in filling and replacing veins. Besides, the gold 
also partly occurred in the both sides of the quartz 
veins. The native gold is micro-grained. The fineness 
of the native gold is 917 9-941~3· This period appeared 
mainly in Chaihoulanzi. . . . 
2.The quartz-magnetite-pyrite period: The m1neral1z~-
tion in the period mainly consists of quartz,magnet1te 
and gross pyrite. The native gold in fine-gr~ined form­
ed in the magnetite or micro-grained in the 1ntercrys~ 
talline fractures of the gross pyrite and they replaced 
or filled the cracks in the quartz veins. The fineness 

. of the native gold is 861~7-945.0. This period appeared 
· typically in Lianhuashan. It is ~.~rincipal.period for 

the gold .forming. The Ag-content 1r1 the native gold for 
1-2nd periods is less than 10%. 
3.The quartz-pyrite-sulfosalt period: The mineraliza­
tion in the period mainly consists of fine-grained 
quartz,pyrite and a few Bi-sulfosalts. The native gold 
as inclusions dispersed in the fine-grained pyrite , 
quartz or closely associated with sulfosalt and filled 
the cracks or cavities of pyrite. The finene~s of the 
native gold is 834.2-935.1. This period extensively ap­
peared in Honghuagou. It is an important period for the 
gold forming. The Ag-content in the native gold is 10-
20%. 
4.The quartz-polymetal-sulphide period: The mineraliza­
tion in the period mainly consists of quartz,pyrite ·, 
chalcopyrite and galena in the form of stringer. The 
native gold in fine-grained precipitated with chalco~y­
rite and galena at the same time or a little later and 
distributed in the cracks of early pyrite. The fineness 
of the native gold is 776.9-789.1. The mineralization 
of this :period appeared in Honghuagou and less in Lian­
huashan. The gold forming is less than 2-3rd period.The 
Ag-content in the native gold is more than 20%. 

The fineness of the native gold formed in various 
periods falls down regularly from the early to the late 
period. The fineness is variable and the mineral assem­
blege, structure and texture also changed with the va­
riety of the depth and temperature. Especially in the 
later period of gold forming the native gold formed the 
lamellar,tabular and rounded grains of tiny size in the 
pyrite and also in Bi-bearing minerals,i.e.,respective­
ly with depth decreased krupkaite,aikinite and sahirme­
rite. Both aikinite and tennantite appeared in deeper 
and shallower parts. It shows, that the ore fonning flu­
ids carried ·base metals and · ''granitic component·~~-Bi in 
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hydrothermal process. At the same time the fineness 
falls down from 918.5 to 834.2. Apparently the fineness 
and the other characters of the gold closely related to 
the forming environment. According to the cell parame­
ter of gold-bearing pyrite,5.414-5.417,the variety of d 
b&S no distinct relation to gold content. It sho,~s tha 
the gold dispersed as the mechanicalt:~mi~ture in pyrite • 

• 

MI OGY STUDY ON VESUVIANITE FROM IRON DEPOSIT, HEBEi PROVINCE, 
CHINA. 

Cao Zhengmin and Zhu Hong, Department of Geology, Peking University, 
Beijing 100871, People's Republic of China 

Macrocrystats of vesuvianite were collected from contact zone of Or­
dovician limes tone wi tl1 Mesozoic di or i t.e. The beautiful co lour and huge 
size of the crystals are very charming. . 

The vesuvianites ~of this district are replacement product of Al­
diopside1 monticellite, grossularite and clintonite, formed in early Mg, 
Al- skarn stage and associate with blue calcite and witkelte. 

· In general, they have zonal structure with brown centre and green 
shell and with dimensions up to 20 cm in width. The crystals are dipy­
r111idal c only without or with very poorly developed prismatic faces, 
the chief forms are e(101},c(001} and k (112} c 

w i th other e l even minor forms but { 111 } '>-------"-(' 

<Fig.I).This dipyramidal cryastal of vesuvia~ 
nite is the typomorphic characteristic of 
high teaperature.Investigation of goniometry 
have fotuid that the usual crystal orientation 
is not correct, (111} ~ught . to be {101}. 

Frtlll the synthetic experiments and pha-

n 

• z 
I 

• 

se equilibrit111 data we know that the for- Fig.1. Crystal forms of 
mation of vesuvianite is related to tempe- vesuvianite 
rature and XC02 and under the circumstances of water-rach and C02-poor, 
the formation of it is essentially independent of pressure. It fonns at 
hi gl1 t en1pera.tlJ.re C 5 00----6 00 ° C) if Si02 is under sa t.ura t ion in t.he medium. 

From the comparison study of numerous data, we find that in addition 
to the substitution of Fe2+ .: -Mg2+, the replacement of mFe3+ +nFe2+ +nTi4+ 
~ (m+2n)Al is also exist in vasuviani te. 

On the basis of 88 data of chemical compositon of vesuvianite many 
from the author of this paper, a new classification of vesuvianite has 
proposed by the at1thor, based on ternary system Al203(A)-Mg0(M)-Fe0 
+Fe203(F) (refarence Fig.2), the vesuvianite may be classified into se­
ven classes, normal vesuvianite (I), Mg-Fe-vesuvianite(Jl), Mg-Al-
vesuvianite <In>, Fe-AL-vesuvianite <IV), Fe-rich vesuvianite (°V), 
Al-rich vesuvianite <VI) and Mg-rich vesuvianite <VII>. 

The DTA curves shows that the constitutional water of vesuvianite 
lose at 1040 1050° C. IR absorption band 3170 cm- 1 of green ones in 
this area is due to the vibration of hydrogen- bond. 

The mossbauer data prove that FeJ~ions are able to occupy the 8-
coordinated C sites on 4-fotd axis. When the value of Fe2+/(Fe2++Fe3+) 
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is less than 20%,Fe2+ions are preferentially to occupy in the 6-
coordinated A sites with a ·smaller distortion and shorter in bond, white 
about the half of Fe3-t·ions in B- coordinated C sites and the rema.ining 
Fe3+1n the 6-coordinated Al Fe sites with a more distortion. When the 
value of Fe2+/(Fe2++Fe3+) is over 35%, Fe3+onty occupy in Al Fe sites, 
and Fe2·l-mainty in. Al Fe sites and B sites (5 -coordinated). 

Both the conten.t of total Fe and Fe3+existing on C sites in brown 
centre are more than that i11 green shell of single crystal of 
vesuviani te . 

Fig;2. The AMF diagram 
of classification of 
vesuvi ani te . 

solid circles, this paper 
dots, Deer and Dana 
crosses, Crook and HiDDDel-

berg 

• 

• 

• 

THE DISCOVERY OF THE RESIDUAL SILLIMANITES IN 
~ . LING-LONG GRANITE, SHANDONG PROVICE CHINA 

Chang Lihua and Gao Jicai, Department o.fGeology, Changchun University o.f Earth 
. 

Sciences, Changchun, Ji Lin 130026, People's Republic o.fChina 
. 

The Ling-long granite is gold ore-producing intrusion in Zhao-yuan gold 
field, Shandong province. As for its origin, different opinions have been 
proposed.In studying petrography under microscope, we discoverd colourless, 
needle-like inclusions in some quartzs and alkali-feldspars. These very fine inclu­
sions show medium-positive relief under the parallel polarizing microscope, are 
about 0.047 mm long and 0.0044 mm wide, and have cracks in the vertical direc­
tion of their extension axis. Under the orthogonal polarizing microscope their in-

• 

terference colours are first-order greyish-yellow, parallel extinction, length slow. 
It is 'fUite evident that these characteristics are different from those of the adjacent 
zirkon. However, they are the same as the sillimanites in the biotite granoblastites 
in the Jiaodong Group (country rocks of Ling-long granite). Most of the 
sillimanites in the biotite granoblastites occur in form of bunch, some of them are 
in form of in needle and stick, and they may appear in the quartz and 
alkali-feldspars, which are in no defference from the above-mentioned 
needle-like inclusions in optical property. 

The microprobe data suggest that the needle-like i11clusions are sillimanites 
(shown in Table 1), with Si02 content a little higher than that of the sillimanites in 
the biotite granoblastites, that is accounted for by the part of Si02 from the 
circumferential quartz when punctured by electronic beam. In addition, except for 
Si02 and Al20 3, the content of other oxides are little indicating that it could not be 
confused with other aluminium-rich silicate minerals. 

. The above-mentioned facts show that quartz and alkali-feldspars containi11g 
sillimanites in the granite are residual minerals originally existing in the biotite 

-10-

• 



• 

• 

Oxides ounch-like stick-like needle-like 

Si02 39.53 37.17 46.09 
Al20 3 60.09 62.65 53.70 
FeO 0.25 0.05 0.00 
MgO 0.00 0.00 0.03 
Cao 0.00 0.05 0.03 
Na20 0.02 • 0.00 0.08 
K 20 0.30 0.00 0.00 

Total 100.19 99.92 99.93 
• 

A STUDY ON SERICITES IN THE GOLD ORE-FORMING GRANITES 

Chang Lihua, Department of Geology, Chang Chun University of Earth 

Sciences,Chang Chun,Ji Lin 130026,Peopte's Republic of China 

In the study of the alteration of the gold ore forming 
granites, we discovered that sericiteschists and quartz · sericitic 

rocks widely occur in linear distribution i11 a lot of magma 

h yd r o the r m a l g o t d d e p o s i t s . The y a r e d e s c r i b e d as '' g r e en g u i d e '' . 
Sericite substituted for plagioctase only in the early stage 

of the sericitization. With the increasing of sericitization in 
in tens i t y s er i cites a11d . quartz gradually suds t i tut e d for al t 

minerals in the rock.From the surface-distributing graph of energy 

s p e c t rum , we u 11 d e r s t and t ha t t he g o l d a r e we l l - d i s t r i b u t e d a 11 d 
appear in dispersion in the serici te (electronic micrograph 1, 

omitted) ,which indicates that the physical chemistry condition of 

the formation of sericites is just suited to the activity of gold. 
The exp e r i men t a l d a t a s u g g e s t t ha t the t em p e r a t u r e i s 3 0 O - 3 5 0 ·c , 
PH is neutral to weak acid at that time. With continuous change of 
the physical c}1emistry condition, the sericite-quartz-pyrite 
association appeared, quartz replaced the part of the sericited and 
absorbed in the dispersed gold in sericites. The appearance of the 

pyrites indicates 

gold precipitated 

crystallized. 

that the H1 S is escaped from the solutio11. Much 
• 

when much pyrites, other sulphides and quartz 
• 

The sericites occurred in the asseablage of the scale and 
behaved in xe11omorphic crystal, its crystal face is twist and 
incomplete under the electronic microscope (electronic micrograph 

-11-

• 



2, omitted) . 
The analysis of energy spectrum shows that the components ·of 

the studied sericite are more close to standard aetasomatic 
m t1 s c o v i t e ( i n T a b l e l. ) , b u t i t s S i 0. c on t en t i s a 1 i t t l e h i g h e r 
than the standard, which results froa the occurrence of a smal l 

• 

amount of dispersed silicon in the sericite (electronic micrograph 
3, omitted) .The sericite studied isn't phengite,hydroauscovite and 

illite,because of Si: Al= 1.4: 1 in it, however, Si: Al=3: 1 i11 the 
• 

phengitei as compared with hydromuscovite and illite, its At 1 0, and 
K1 0 are higher, but MgO is lower. 

Oxides 

Si01 

A la 03 

T iOa 
Fe1 Q3 

FeO 
MgO 

CaO 

N. 0 

Ka 0 

Ha 0 

Table 1 The content of the oxides of studied 

sample and standard mineral ( w. t,%) 

analytic samp Le standard mineral· 

1 2 3 metasomatic hydro-
muscovite muscovite 

4 9. 9 6 50.09 50.80 46. 7 7 51. 2 2 

3 0. 8 3 3 2. 41 30. 77 • 34. 75 t 2 5. 91 . 

• 0.00 r 0.00 0.00 0. 21 0.53 I . 

- - - 0.71 4.59 • 

1. 6 9 . 1. 6 7 1. 5 0 0. 77 1. 7 0 

0. 6 9 I 
0. 7 3 0.50 0. 9 2 2. 8 4 

0.00 0.00 0.00 0. 13 0. 16 
. 

0.00 0~00 0.00 0.47 0. 17 

10.06 9. 91 10. 61 . 1 0. 1 9 6. 09 

5.80 5. 12 5.43 4.64 7. 14 

. 

* Deer,W.A. 1982,Rock-forming minerals 

• 

• • 

littite 

5 3. 3 0 

2 6. 0 0 

0.01 

2.50 

4.40 
0. 20 

0.30 
8 ~ 3 0 . 

5. 7 0 

THE DISCOVERY OF 
THE FIRST TIME 

LORANDITE IN CHINA AND ITS STUDY FOR 

Chen Daiyan, Department 
of Technology, Guiyang, 
public of Chinat 

• 

. . 

of Geology, Guizhou Institute 
Guizhou 550003, People's Re-

• • 

Lorandite, a rare dispersed element mineral, .was 
.first described by Krenner (1895) who found it at Al­
lchar, Macedonia (Yugoslavia). The lorandite, being - . . 
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discovered by writer at the first time (1986), occurs 
in a strata~bound mercury ore deposit at Lanmuchang, 
Xingren county,Guizhou province in China and associa­
ted with cinnabar realgar, orpiment, pyrite, macarsite, 
barite,etc. . 

Lorandite has adamantine luster and is semitrans­
parent.Crystals· of lorandite are perfect and normally 
occur in the form of prisms with size ranging from 1 
to 3 mm ( the biggest up to 12 mm). :under refllec ted 
light it is greyish-white with light blue tint. Strongly 
anisotropic, internal reflection bright red. Specific 
gravity 5.55. Moss hardness 2.5. Reflectivity(%): Rg' 
26.5 37.5, ·-~p' 23.9 30.1. Electron microprobe analy­
sis ( on average ) gives(%): Tl 59.08, As 28.2, S 18.2, 
Hg 0.18, Sb 0.032, Au 0.111, Ag 0.107, Cd 0.053, In 
0.072, Zn 0.022, Cu 0.012, Mn 0.016, - Fe 0.016, Sn 0.066, 
Bi 0.031, Se 0.046, totaling 99.77,is formulated as. Tl 
(1.02)As(1.03)S(2). DTA shows two endothermal peaks at 
298 304°C and at 574 581 °C. The strongest lines in X­
ray powder pattern are (A-): 3.59, 2.985 and 2.890. Inf­
rared spectrum shows four absorption peaks at 306, 330, 
378 and 398 cm . 

Combining these data with geological setting of ore 
deposit, we shed light on the origin of the lorand~te, 
and the possibility to serve as an indicator mineral for 
prospecting gold deposits and its significance in uti­
lizing rich thallium ore • 

. 

A Study Of Sasaite Found In China 
• 

Chen Daiyan, Department of Geology, Guizhou Institute of Techology Guiyang, 
Guizhou 550003, People's Republic of China 

Sasaite was found first by J.Martini (1978) in West Driefontein Cava 
Transvaal, South Africa. However it is first reported by writer (1986) in China. It 
occurs in an oxidation zone of strata-bound antimony ore deposit at Muli, 
Guangnan county, Yunnan province, and coexists with stibiconite, Valentinite and 
gypsum. 

Sasaite occurs as greyish-white to green colloidal aggregates. It is possessed of 
earthy to glassy luster, and has specific gravity 1.87, Moss hardness 2.5-3 and 
refractivity 1.477. The strongest lines in X-ray diffraction pattern are (A):l 1.303, 
7.505, 6.937, 6.249 and 2.901. DTA shows three endothermic peaks at 152-159t, 

0 . 0 

193 C , and 698-704 C . Infrared absorption spectrum shows H 20 and OH, 
P04 and S04 vibration zones at 3400, 1395, 1620, 111·5, 600 and 520cm. Chemical 
analyses of sasaite gave(~): Al20 3 27.529, P20 5 21.600, S03 8.216, Si02 0.010, 

• 

K 20 0.100, Na20 0.200, CaO 0.001, MgO 0.001, Fe20 3 0.179, Zn 0.009, Sb 0.099, 
H20 41.900, summing to 100.017. Its formula is Al7(P04) 4(S04)(0H)7.22H20. 

According to these data, the writer has discussed the genesis of sasaite and 
compared with sasaite found from South Africa. 
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PRINCIPLES OF MINERAL TYPOMORPHISM-ITS SIX ESSENTIAL NATIJRES 

Chen Guangyuan, Sun Daisheng, Division of Genetic Mineralogy, China University of Geosciences, 

Beijing, 100083, PRC 

In the investigation of a number-of W, Cr, Fe, Au deposits in China from the 60's to 80's is summa~ 

rized up the principle of six essential natures of typomorphism of minerals (Chen et al., 1986, 1987, 

1989) as follows. 

1. Universality of typomorphism of minerals. Typomorphism of minerals is universal in mineral 

kingdom since all minerals and all mineral associations arc all without exception formed under definite 

conditions which leave on them as a rule definite marks or criteria typical of conditions of their forma­

tion. It'll be met with whenever and wherever one comes upon minerals in either natural or artificial sys. 

tems. • 

2. Particularity of typomorphism of minerals. It helps to distinguish typomorphic minerals, 

typomorphic mineral associations and typomorphic characteristics of minerals because they display all 

·.of them particular marks or criteria typical of their conditions of formation in every fine detail. 

Ore-forming events are the most particular events in the geological process, in which minerals show al­

ways particularity in typomorphism. For example in gold mineralization the frequency of pyritehedral 

habit of pyrite, the total amount of trace elements in quartz and pyrite, the number of decrepitation 

pulses of quartz and the intensity of thermoluminescence of potash feldspar always reach its maximum 

while the intensity of thermoluminescence of quartz reaches its minimum (Chen et al., 1989). 

3. Correspondence of typomorphism of minerals. It exists not only in crystallomorphology but 

also in chemical composition and crystal structure, physical properties and crystal physics as well as 

structure and texture of intergrown minerals etc. They provide in different respect corresponding inf or­

ma tions of the same conditions of formation of minerals, being able to be correlated and check--up with 
• 

each other and used for prediction of one from the other as in garnets and amphiboles of BIF (Chen et 

al., 1984). 

4. Variation of typomorphism of minerals. It presents not only in crystallomorphology but also 

in other respects of typomorphism of minerals. 

Based on further processing of quantitative data of typomorphism in time and space, gradient of 

variation of typomorphism of minerals plays still more important role. 

Small gradient implies stable physico-chemical conditions, present in general in major or principal 
• . 

diagenetic and mineralization stages, epochs, periods and cycles, also in large rock bodies or ore bodies, 

especially in their central parts while great gradient o~ the contrary implies unstable physico-chemical 

conditions changing rapidly in a short time and space, present in general in minor or subordinate 

diagentic or mineraliu tion stages, epochs, periods, and cycles, also in small rock bodies and ore bodies, 

especially in their marginal or swiftly thinning-out terminal parts. · 

S. Inheritance of typomorphism of minerals. It occurs between different generations, stages, 

epochs, periods, and cycles of minerals from the earlier to the later in evolution of their ontogenetic and 

phylogenetic history. 

It is most easily recognized in chemical composition but also present in other properties related to . 

composition. The hydrothermal replacement of almandite with almandite molecules up to 93.6% in the 
. 

Archaean BIF of Gongchangling Iron Mine by Proterozoic alumino-ferruginous chloritc with f \lP to 

94.8 and interference colour up to second bluish-green (Chen et al., 1984) is the example of inheritance 

of principal c~nstituents typomorphic of rich iron deposits. Together with the inheritance of principal 
. 

constituents in this example some other properties are also transmissed from the former to the latter like 
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deep colour, deep absorption , high refraction indices, high specific gravity etc. 

Hydrothermal chrome mica with Cr20 3 up to 2 wt% afford the example of inheritance of subordi­

nate constituent from Archaean metabasites assimilated by granitoids, being typomorphic of rich or 

large gold deposits in Iiaodong region (Chen et al., 1989). 

Paramorphs and pseudomorphs are good examples of morphological inheritance with or without 
chemical inheritance. 

6. Zonation of typomorphism of minerals. It is also not limited within crystallomorphology, 

since the latter is controlled not only by conditions of outer media but also by inner composition and 

structure of crystals, which will in tum lead certainly to variation of physical properties and crystal 
physics meantime. 

Obvious zonation can easily be recognized with the naked eye, but hidden zonation of typomorphic 

characteristics like thermoluminescence of quartz in auriferous quartz veins (Chen et al., 1989) can only 

be detected by quantitative measurements. 

Zonation displays the pattern and the direction of variation with its gradient in space and in time . 

It is four-dimensional , three spatial and one temporal, useful for fmding out the direction of magmatic 

or hydrothermal activity , the structural relation, the magnitude, the degree of denudation and the ex­
tension of rock bodies and ore bodies and the location of required rock facies and rich ore sections. 

All the above mentioned six natures of typomorphism provide a sound basis for mineralogical 

mapping, being important for both theoretical and practical purposes. 

GOLD AND PGE MINERALS IN PLACER CONCENTRATE FROM DAVAO, MINDANAO 

ISLAND, PHILIPPINE ISLANDS 

Chen Guangyuan, Li Shuyan, Huang Shaofeng, China University of Geosciences, Beijing, 100083, 

PRC, Gong Runtan, Zhaoyuan Gold Conglomerate Co., Shandong, 265400, PRC 

Philippine Islands are situated in the central part of the island arcs on the western Pacific rim 

nearby the suture line between the. Pacific plate and the Eurasian plate. The deepest oceanic trough 

known in the world is found on the eastern margin of Philippine Islands. Therefore Mesozoic to 

Cenozoic tectonic and magmatic activities are well-developed, being favourable for mantle materials to 

reach the earth surface to form exploitable mineral deposits of chromites, titanic iron oxides, gold and 

PEG etc. 

The investigated sample of placer gold concentrate is collected from Davao which is situated on the 

a:ntral eastern coast of Mindanao Island of the Philippine Islands. Its mineral constituents of noble el­

ements are as the following. 

l. Non-mercurous native gold (3) (AUo.121A1o.11~Uo.ocrPSo.010Rho.~Uo.001Feo.oosCro.CXM)1.ooo 
2. Mercurous native gold (6) (Au0.1• 1A1o.108CUo.Q0.4Pto.o12Rho.0040So.001Cro.003Nio.002Feo.002Coo.001H&>.010 

>1.002 
3. Goldamalgam (3) (AUo.60iA1o.098Ir0•004Rh0.0CMRu0.003Co0_001)0•712H1o.21a· Au:Hg = 2.09: 1. 

4. y-Goldamalgamite ( 12) (Au0_461Alo.121 Cu0.004R u0.032Pd0.013Rho.ooslro.oosCro.002Feo.00Jo.692H&.•s1· 

Au:Hg= 1.02:1. 

S. Polyxene ( 6) (Pto.1s6F eo.t 1sCUo.022Alo.001A Uo.001H1c>.oosPbo.004Rho.02oPdo.oosRUo.001Iro.001 O&o.001Coo.001 

w 0.00~0.999 
. 

6. Osmiridi um ( 1 S) (Ir 0.6450So.HoPto.021R u0.018Rh0.oo7Pdo.002CUo.onA Uo.003Alo.002 

Nio.oo1Fe0•002Co0..oo1W 0.009Sb0•002H1o.003) 1.002• Ir: Os= 72: 28. 

The total amount of PGE is up to 1.64, 2.18, 1.10 and 3.12 wt% respectively in the 
for111er four gold minerals and up to 91.44 and 97.21 wt% respectively in the latter two 

• 
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PG E minerals. 
The presence of remarkable PGE in gold minerals and the association of indepen­

dent PEG minerals with gold indicate an ultrabasic to basic origin of the deposit . 
• 

Remarkable in association with the above-mentioned ore minerals are the following 
two minerals typomorphic of ultra basic magma: 

1. Chromite (4) (Mg, Fe) (Cr, Al, Fe)20 4 with Cr20 3 44.09, Ti020.29. V 20 30.24 in 
wto/o. • 

2. Chrysolite (9) (Mg, Fe)2Si04 with MgO I (MgO+FeO)= 77.5°/o 
f=Fe/(Fe+Mg)=0.14, containing also NiO 0.27, V 20 3 0.10, Cr20 3 0.05 , 
Ti02 0.02, HgO 0.18 in wt%. 

Besides, There are also a number of iron oxides mostly titanic and vanadium-bear­
ing and typomorphic of basic· magma found in placer concentrate as the following: 

1. Titanium -bearing magnetic (host) (4) with MgO 1.00, Ti02 1.52, Cr20 3 0.21, 
V 20 3 0.05 in wt.%. 

2. Titanohematite (exsolution lamellae) (3) with Ti02 22.11, MgO 3.67, 
Cr203 0.08, v-,,03 o:so· · in-wt.%-. ----

3. Titanium-bearing maghemite (host) (5) with MgO 9.75, Ti02 1.09, Cr20 3 0.20, 
V 20 3 0.56 in wt.% . 

4. Titanohematite (exsolution lamellae) (5) with Ti02 21.89, MgO 1.48, 
Cr20 3 0.06,V20 3 0.84 in wt.%. 

S. Titanohematite (6) with Ti02 27.48, MgO 1.09, V 20 3 1.05 in wt.o/o. 
6. Titanium - bearing hematite (6) with Ti02 0.30, MgO 0.39, V20 3 0.42 in 

wt. 0/o. 
• 

Together with the above-mentioned opaque minerals of titanic and 
vanadium-bearing iron oxides present the following two related transparent accessary 
minerals: 

• 

1. Rutile(3) Ti02, wi~h Ti02 97.72, V20 3 0.58, Ta20 5 0.38, Nb20s 0.16, 
Ce20 3 0.35, Y 20 3 0.00 in wt%, being Ta20 5 > Nb20 5 and Ce20 3 > Y 20 3• 

2. Zircon (12) ZrSi04, with Hf02 1.49, MgO 0.04, Cr20 3 0.07, V20 3 0.04, 
Ti02 0.04, U02 0.22, Th02 0.04 in wto/o . Both contain Ti, Mg, Cr, V, U >Th, 
being typomorphic also of ultrabasic to basic magma with later geochemical 
differentiation. 

Pyrite and quartz, the two common host and gangue minerals in ordinary gold de­
posits present also in Davao's placer with the following compositional characteristics 

1. Pyrite (3) FeS2, with Au 0.086 (0-0.17), Ag 0.150 (0.13-0.17), Se 0.030, Te 0.063, 
Bi 0.277 in wt%. 

2. Quartz(6) Si02, with Au 0.00, Ag 0.14, Cr20 3 0.170 (max. 0.34), Ti02 0.165 
. 

(max. 0.33), Ce20 3 1.335, La20 3 0.100, Y20 3 0.910 in wt0/o, being 
Ce20 3+ La20 3 > Y 20 3• 

In Davao's placer, certain generations of pyrite may still be the host of gold as in 
ordinay gold deposits, but it contains Se, Te, Bi along with one another in the same 
pyrite, displaying altogether a low degree of differentiation. As to quartz, it contains also 
Cr, Ti but Ce+ La> Y, displaying still the compositional inheritance form ultra basic to 
basic magma with later geochemical differentiation. Rutile shows the same tendency. 

From the above - mentioned points it is clear that the mineral constituents of gold 
placers from Davao indicate a close genetic connection with the mafic mantle materials 
coming from down below. · 
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Note: Che111ical compositions are determined by EPA. Number in parenthesis indicates number of 
analyses. Morphological study with SEM and measurements of R and VHN are also made. 

~ 

SIGNICANCE OF MINERAL TYPEMORPHISM STUDY 
TO PROSPECT AND EVALUATION OF SOME AREAS 0 

Cheng Minqing and ·Wang cunchang (Tianjin Geological Academy, _ 
Ministry of Metallurgical industry, Tianjin 300061, People1 s republic of 
china) · 

Abstract 
• 

Mineral typemorphism consists of paragenesis and assemblages of min­
erals, their typemorphic charateristics and so .on.Quartz is a main mineral 
closely related to nonf erro-metals ore deposits and gold ore deposits.Stud}' 
on its typemorphism is of theoretical and practical signficance. 

'The : Pangushan quartz-vein type w-deposit in Jiangxi Provine and 
some gold deposits in the East Shandong Province are taken as examples• 

Typemorphism study of quartz from Pangushan w-deposit reveals that 
Vertical zoning of minerals is as follows: 

1.From top to the depth W-Bi quartz veins show reqular variations in 
... 

texture and structure. Quartz grows perpendicular to the vein walls with small 
· grai~ size at margins of veins;in middle part of veins it becomes slim crystals. 
In the top part of veins is developed crystal geode at margins; in bottom part 

the quartz is massive.J;he orientations of the (IOO)face of the wolframite 
ctystals in the wolframite ore column are also different in diverse part of the 

• 

orebody: in the upper part, the wolframite crystals are in random arrange-
ment, assuming the net\\' Ork shape; in ' the funnel-like middle part, all these 
crystals grow perpendicula1· to the vein wall , with the ( 1 OO)f ace essentially 
i1ormal to the strike of the ore veins;in the lower part, however, (100)face is 

not wholly nor1nal to the strike of the vein wall though the growth of the 

wolframite crystals is basically perpendicular to the vein wall. 
2.Mineral assemblages show i·egular variation in space, with minerals of 

high temperature assemblage such as zi11nwaldite, tourmaline and cassiterite 
in the upper part whereas those of 1ower temperature assemblage such as 
bismuth sulfosalts and tellurobismuthite group in the lO\v·er part. 

3.Wolframite in the lower part contains more manga11ese than that in the 

upper part; the physical properties of wolframite also show regular variation 
• 

with in creasing Mno; from the upper to the ·lower homQgenization tempera-
ture. quartz tends to fall; the thermal luminescen·ces curve varies regularly in 
space too, especially below the-585 level its shape approaches that of the bar-

• 
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ren quartz vein. 
4. The spatial variations in Bi2S3-Pbs series and telluribiswuthite group 

are Characterized by downward depletion in Sulfur. 
This is helpful to the comprehensive utilization of the ore. 
The following discovery is made through typemorphism study of quartz 

of some gold deposits iri the East Shandong.Province. . 
1. Quartz within altered-fractured-rock type Au-deposits is characte1· .. 

ized by K +Na+Al > 1 % influx of xxxNc x 10-10Iight unit in the integration 
range of 50-.... 350t and ·-single acute peak ther1 .. noluminesence curve; 
quartz with in metamorphic hydrothermal gold deposits by K +Na+ Al< 0.5% 
influx of o.x Ne x io-10Jight unit and a-gentle multipeaked 

• 

thetmoluminescence curve in which low temperature peaks become promi-
.. nent but meso-themperature peaks are reduced with the ore bodies extending 

to depths and pinching out; quertz within the complex deposits of 
alferred-fractured-rock type and quartzvein-type gold ore by K+Na+Al 
Value from 0.5o/o to I 0/o, influx of xNc x 10-1°light unit 

-basically ·single-peak -thermoluminescence curve with Sub-peaks 
• 

which goes gentle with depths. 

2. Light density D and D of quartz formed in the 2nd ore-form-n 
2

o Co
2 

·ing stage is proportional to gold grade. 
3. Characteristics of quartz inclusion vary with intensities of the altera-

• non. 
. 

4. Crystal f or1n of pyrite changes vertically in the pattern. 
Thererf ore, typemorphism study of minerals not only can predict wheth­

er it is a gold-bearing vein or not, but also can determine position .of the 

expossure in erosion section especialy a surface expossure of a gold-bearing 

quartz vein_,it is efficient to perdict its potential mineralization . 
• 

--

$PE C IF IC FEATURES OF GENESIS OF SUPERGENE MI-
NERALS IN CRIOLITH ZONE. 
A.A~CHERNICOV,Institute ofgeology of ore de­
posits, petrography, mineralogy and geochemis­
try, Moscow, 109017, USSR. 
1.The earlieideas and theories on the develo-
12men! of m?dern hypergenic origin of.minerals 
in aLl series of permafrost are not proved 
by the actual material.Under certain condi­
tions even easll·y oxidized sulfides of ore 
bodies in outcrops do not change and are ac­
cumulated in alluvial deposits in Nordic ar~­
e.as: Some 001Jrer_-nickel and other sulphide de­
pos~ts in USSR and Northern foreign countri-
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es have been discovered due to evacuation of 
glacial fans or some other ways of mechani­
cal migration of rr1inerals. Nevertheless the 
cryogenic phenomena sistJ.ifioantly influence 
the supergenic.genesis of minerals in the ory­
oli th zone. 
2.Significant geochemical changes of rocks 
and ores at negative temperature take place 
in the upper layer of tte cryolith zone in 
the active layer and taliks. These processes 
ar·e attributed to significant change ofphy­
sicoohemical conditions and perrneability of 
rooks during periodical freezing and frozen 
degradation and also to the specific feat­
ures of underground waters in the permafrost 
areas: High concentration of dissolved o~, 
CO ., organic matter etc. and a very impo1·t-
an role of water films under a constantly · 
disturbed thermodynamic equilibri•The fol­
lowing elements are very mobile in the up-
per layer of the cr)'oli th zone: Zn, Cu, rri ., 
Ag,Cr,Ba,Ti,Pb,Sn,Fe,~m and others.Under ce~ 
t a in conditions it result s in leaching of 
these elements out of the upper part of the 
infiltration zone and accumulation of the 
supergene minerals on the way of llow of the 
ground water to a dioharge area. 
The hypergenic minerals,developed below t~1e 
active layer at the depth of >500m below 
land surface (Northern granite massiff in 
North""'Mest par.t of the Chukotka higl1lands) 
were formed during the preglacial period and 
interglacial stages.The ·absolute a ges of tl1e~ 
s e 1ninerals are"'300 ,,-v500, > 5 00 thotJ.sand yearls. 
The permeability to water of the rocks and 
ores increased due to rr1ultiple w2ir111ing or co­
oling while the mentioned a~ove oh~ng of pb ~'~ 
si~oohemioal and thermodynamic conditions 
were accompanied by accurnulation of typomor­
phic minerals~ The depth of occurrence, the 
i Ltensity of hypergene origin of minerals i n­
c lurl.ing for1nation of highest quality of Cu, 
_A.g etc ore depend on a co1nplex combina tion 
cf global, regional and local factors. 
3. T hypomor pl1i c su .. pe r ger1e miner2vls ar1ci~ i11i n e­

ral assemblage of permafrost ..... f'ibrof erri te, 
melanterite,sulphur, s pecific brochantitee~ 
BJoanthite eto are f 'ormed during freezing tJf 
fissure water. A comprehensive analysis of 
min~ral assemblages, a composition of hyper­
gene minerals is an important criterion of 
evaluation of the mineral accurrances and f o~ 
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recasting of deepseated ore deposits. 

THE ROLE OF CALCIUM SILICOALUMINATE CARBONATE 
HYDRATE MINERALS IN 1'liE FOR!vffiTIC>N OF PALYGORSKITE 

• 

Li.berto 
lTni versidad 
Mexico 

• • 

de Pablo-Galan, Instituto 
Nacior1al A. de Mexico, 0~610 

de Geologia, 
• 

Mexico, D. F. , 

The fonnation of palygorskite in a marine 
• 

envi.1 .... orunent was documented on Eocene - Pliocene 
• 

deposits located in the Yt1catan Peninsula, Mexico. In 
them, palygorskite appears to have formed from the 
reaction between diage.nlzed calcj.te and an .igneous 
leachate. Always associated and growing from calcite , 
are found calcit~ silicoal.runinate carbonate hydrates 
(CSACH) of varial)le compositio11 . 

• 

The dolomitized and silicated limestone that encases 
palygorskite contains stalact.itic, acicular and 
subhedral . calcite. Growing from calcite, appear 
calcium sil icoali..1mi11ate carbonate hydrates in the form 
of elor1gat.ed Cl.trved cr·ystals in corali.ferot1s 
arrangement.s. Tl1c cl·1E'mic."1l cc)mposi tion ol1anges 
prog~essively from 5.31% to ~7.17% Si02, 2.91 to 11.21% 

5.68% Cao, o to 0.27% Ti02, 1.21 to 0.20% Na20, and 
• 

0.08 to 0.96% K2 0. Tl1e total varies from 58.62% :f .or the 
' 

high-Cao compositions close to the base of the 
coraliferous arrangements anchored on calcite, to 

. 

70.83% for the high-SiO compositions detected on the 
• 

·t:ips of t.he crystaJ s. Wl1<~n these composi t .. ions are 
plotted versus the Cao content and the analysis for 
calcite and p~1lygo1~skite are incl1.1ded, smoot~h 
correlations are obt.ainec.1 whj_ch ir1dicat.e that: ( 1), the 

• 

difference to 100% decreases as the SiOa ·conter1t 

increases, suggesting that it may correspond to HeO for 
• 

the high-Si02 CSACH ar1d to C02 for the high-Cao ones; 

(2), low-Cao concentrations, 
to higher conte11ts of Si02, 

• 

below 20%, are associated 
Al2 o3 , Fe~03, and K2o, 

• 

slightly lower MgO and Na 20, and equal TiO~ than · high­

CaO CSACH, pointi11g that tliese CSACH may have resulted 
• 
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frorn the reactj on betweer1 calcite and an igneous 
leachate. The CSACH somehow remember the scapolite-type 
minerals, ever1though t .l1ese have mucl1 t1igher : contents 
of Al~03 (16.9~ to 32.76 %). The geochemical continuity 
fou11d ... bet.ween palygcirskite, calcium silicoaluminate 
c~rbonate hydrat.es, an(j calcite does not sugg~st that 
palygorskite may have resulted ~rom the ~iage1~~sis of 
srnecti te • · 

The palygorskite presents: a typical .feathery 
morphology and a chemical composition which co~responds 
to· the formula 
< Si·1. ·~1 Alo.69 > (Alt.~ ?J Feo,so Mg 0~91 >2..7'4 Cao.49 Nao.~ I Ko· \g 

I 

• 

o20 (0li)2 .LlHz..O· It is associated to minor occasional 

montmorillonite. 

TYPOLOGY OF THE LEAD-ZINC DEPOSITS BASED ON 
MINERALOGICAL AWD GEOCHEMICAL DATA. · 
Dobrovolskaya M.G. Institute of Geology of Ore 

eposits, Petrography, Mineralogy & Geochemistry of 
t he Academy of sciences of the USSR, Moscow 109017, 
. SSR. · 
Mineralogical and geochemical investigations of the 
ores from lead~zinc deposits formed in different. 
geologic situations revealed that such deposits dif­
fer by the ratio of the main ore-forming mine1--als,. 
some mineral parageneses, textural a?Jd geochemical 
peculiarities of the ores rather than by mineralogic 
composition. 
In the ores of the deposits located in skarns and 
intrusive rocks the pyrrhoti te and sphalerite· with 
Fe-, 10 wt •. % are the early minerals,. In suc.h deposLt:.s 
galena forms its own. later association. 
The ore in the deposi ta loc:ated in voloanic rocks 
are enriched by pyrite, chalcopyri~e, hematite. 
Sphalerite is associated with galena, fahlore and 
the later generation of pyrite. The content of iroB 
in sphalerite is under 5-q wt.%. 
There. are~ t .1wo. t .yp .. es 0>f tha d.eposit;s im c:arbona te rocks 
The mineral e;ompos .. :fLtj.on and. t .extures of ores: j.n the 
first om.e are s~imilar to those in metasomati.c and v.ei n 
types. in skarns an~ g~nitoi.ds. In t~s. g~up o~ de~ 

os.i ts the generat:iona of sphaleri te i.n· the early and 
ater associat;ions differ by the content of F·e (~.0-

12 and 0,5-6,0 wt.%. re.s .pectiTely). The strat:iforin de­
poei ts differ by the s .imple mineral Q..omposi tion, col­
loform, banded\caven1ous _textures, higher represe~ta­
tion of marcasi te and arbom.at:e i:m. ·ores. The co:m.t.9nt 
of Fe in sphalerite is owar than J wt!%• 
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One of the s.implest arlcl obj·ective indicators for ty­
pology of the d.eposi ts. by the.ir genesis ·,are the g.eo­
e hemic~al ass;Qc.iat.io11s· of t ;race e:1em~:ats i:n. sphale:rite 
r:ev.ealed by the mathemat.,ica methods. For· eac:h type of 
<i9Jpos·i ts 1ihere. is a spee:ific ~orreJ at.ion betwe.eD Cd., 
Mn, Fe (see tabl~). 

peposi.ts· 

In akarns 

In granitoids 

In carbonates 
metasomatie 

stratiform 

i 
I 

I 

• 

rm . 

Cd 
(Ge Ga 

Cd lv!n 
(In Ge) 

Cd 

• 

assoe·j.at,1Q11a . 

Cd Fe Mn 
(Cu Ni Sn Mo) 

t 

l 
' Fe Mn 

Ag) I (Cu Sn lvio) 

Fe 
(Cu As) 

Fe 
(Sn Ge Ag)

1 
(Ni Co Cu) 

I 
I 

Co 

l 

·
1 

Co 
In) I (Ni As 

' I 

I 

In S·n 

These re.sul ts complement data revealed by Zhang1 Qian. 
who ·studed trace eJ..ements in gal.ena and sphalerite 
of lead-zinc deposits. 

Ref eren0,&: 
Zhang Qi~an ( 1997·). T·rac .. e elements in galena and. spha­
leri te and their geochemical sigrl.ificance in distig­
uishing the genetic types of Pb-Zn ore deposits. 
Chinese journal of geochemistry, v.6, N 2. 

QUARTZ - A SIGN OF EXPLORATION FOR ORE DEroSITS 

Feng Jianliang Lu H:liya, Beijing Research Institute of Mineral 
Reso1irces and Geology, Beiyuan Andingmenwai, Beijing, China 

........... z is a uajor component mineral in almost every metal ore 
deposits. It \~S tr-eated as common mineral before . . However, it is 
considered as an important sign through rece11t years working in 
the st~ of genesis and prospecting for ore deposits. 

In some hydrothe:r11al vein type of wolframite ore deposit in 
Naniing Area, South China, the higher of .degree of euhedral 
crystal of qtiartz is, the more enriched of wolframite is. The 
colour and luster of z are ca11sed by imr••rities. In gold vein 
where z is trans t and with strong oily luster, gold is 
enriched. On the contrary, there is no gold. 

• 
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The varief ies of content of microelements in quartz have 
outstanding result for prospecting vein type t11ngsten and gold 

sits. For example, we have tested the content of microeleme11ts 
in qtJfJrtz, the content of alkatic elemer1ts, K,Na, (;a in the q1Jar·tz 
without t1mgster1 is much higher than that in z with t11rigsten. 
The content of microelements in C)liar·tz can reveal that the compo 
sition of mineralization solution. The strongly alkaline solution 
is unfavo11rahle for wolframite sediment. Especially,we have tested 
the conte11t of fluorine in z-t1irigsten vein, it reaches 2.02%. 
--~stei1 is transferred by fluorine complex compound, they have 

closed relation. The fluorine anomaly from 0.15% to 0.2% shows 
tt1ngste11 mineralization in the area. In an unknown area, it is from 
0.31% to 3.19%. In table 1 we list the conter1t of microelemei1ts in 
the z with and without t11ngsten, the third is in unknown are.r:t 
we predicted it as a well target for t1mgsten through 011r work. 

The shapes, the composition of gas and fluid inclusioris in 
- _ ........ z . give us a strong evider1ce in looking for ore deposits.· In 
Nanl ing Area, the incl11sions in z-t1mgsten ore veins are 
smaller than 10 µ. Their homogenisation temperat1ire is 105°C to 
200°C, average 147°C, arid 205°C to 365°C, average 258°C. Tr1e 
composition of gas inclusion is H~O>CD2 >H2 ~ a;= 1015, H20/CD2< 50. 
It reveals that the content of CD2 in mineralization solutior1 is 
higher and favo11rable for ttingsten. mineralization. The composition 
of f iuid incl11sion showes the content of H20,CD2 ,F ,Cl is high. 

2 ... 
Tungsten is transferred as the forin of complex compound W02 F4, 

- 2- ... -H2W04 ,H\tt04 ,W04 ,and the more H20, F ,Cl, the eas~ier for tungsten and 
iron to be transferred and deposited. In the unknown area, the 
incl11sions are 3 to 5 u. Homoger1isation temperature is 138°C to 

200°C, average 164°C, and 201°C to 352°C, average 267°C. The 
composition of gas inclusion is H20 > CDl.> Nz> Oif.> H1 > CD.O. The 
composition of fluid inclusion showes the content of Cl-and F-is 
high. The characters of incl11sion are similar to those in t1mgsten 
ore veins. We get same result. . 

Thermol11minescence of cpiartz can reveal which kind q1JCtrtz 
grows with gold and t11ngsten. Dr.E.K.Iazalinck, USSR, mineralogist , 
through detail research for thermoll.1minescence of z in auri­
ferous and nonauriferous hydrother111al cpiarlz vein, discovered that 
the strength of the thermol1uninescence of qtiarlz is observiously 
different at 230°C arid 280°C, the thermol11111inescence of a11riferous 
quartz is strong and the nonauriferous one's is weak. We used this 
methcxl to study thermol11minescenGe of z in Nanling Area, and 
got an ideal curve of it. The st h of thermoluminescence of 
qtiartz with tt1ngsten is about 32 at 220°C, in qtiarlz without 
t111igster1 is 20, and in the unknown arm is 31. From the comp:lrison, 
we also got same conclusion that the unknow area is a well target. 

Beside these, · cell dimension of qtiartz can also tell 11s some 
good info11•iation for prospecting gold and t11rigsten ore deposits. 

'l'hrrnl8h our work in genetic mineralogy of q1iartz ,we have fo11rid 
some target being prover1 by later prospecting. So, we suppose that 
the CJ110rtz can be tised as a sign in soorching for metal mineral 
deposits. 
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Table 1. Content Of Microelements In ~artz 
- --------------·· ==·--=··--·--- --· --- 0 
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t 

AREA :SAMPLES:---------------------------
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I I 

: tungsten : 
:no tungsten: 
: unknown : 
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AND PROSPECTING MINE·RALOGY OF GENEtrc ' MINERALOGY 

BAOBAN GOLDHAINAN ISLAND 
• 

' 

• 

Fen& Lian ·shun,Guangdong Geology research insti~~ute, 

China nat·i·onal non-ferrous metals industry corporation, 
• 

Guangzhou ·,Guangdong 5i0080,People's ~epublic of China. 
~ 

• 

. the ~aoban gol~ deposit occurs in a _ regional m -~tamorp 
fl i s m - m 1 gm.~ t i .. t i .c r. 0 m p 1 e x 0 f t h e ·1 a t e p a 1 e 0 z i c e r a 

..... - ·- ... . .. "" .. - ' 
(J90-290Ma). ·r ·wo tYpes· of mineralization: J).q~1artz 
veiO type. 2). strUcture altered rOck type • 

• 

. . . 
·I.Typorurphic .~ssoiation o'f mineral~;Jluartz-native gold, · . . ... . . • 

quartz-native gold-electum, quartz-native gold-
• 

. 

electrum-pyrite-arsenopyrte,etc • . 
~ 

. .. 

rt:Typoiniphic inlnerclls:arsen{>yrite, kaolinite, azuritc? ·, 
Zircon (Au), Carobbiite. · 

• 

III.Typomrphic feat~res of minerals l.Indic&tion of · 
Genesis: (J). Amphibole •. . (2).·Biotite. ·{3). Zir.con:U-Pb . 
isotope age determination shows the Zircon-f1>rming era 
is 883-1406~!a. ~4). As ~old _c;:'ontf'nt values Oeing .. 37j. .-
991 in ;t.ative gold and 781-811 in electrum We.-11 - - .. .. . -
distribut~d _ c~mposi_~i~_n (Ag/Au rat~o 2-15)·,cheg .QA.d was 
de~osited in~t~e conditi~n of ~table ph~sical and 
chemc~a~ enviro~menduring old time~ R:59-72%(548nm). 
2~Typomorphism of mineialization.(1)."Pyrlte ·:rbe pyrite 
ore s might be d .iv id e d in t o poor . s u 1 fur ore ( Fe / s. o • 6 - f ) 
and low sµlfur ore (Fe/S•0.7-0.8) coarse-granied idio~­
o r p h i c p y 'r i t e s c on t a i n go l d ( 4 0 ppm ) , c o a r s e ti - g r a in e d 
crushed·allotriomorphic pyri.tes contain gold ( 160ppm)~ 
In peor sulfur quartz type, its <:rystalface (100),(111), 

-24-
• 

• 



• 

(221).,crystallized completely,-.bu~ (210)( 100) . e;ompletely 
.al·:er.ed i ··n migmatite a.nd c 100) is rich in q"uartz vein 

• 

t y p e , • Th e f i 1a ~ - g r i:t i n · p yr i ·t e · w i t h i t s ( 2 J C> ) c r y s t a 1- f a c e 

;,,ell gro~s, so the Au con·t.P.nt iS · 'high <-'"t60g/'r). The 
· , . .J.. • 1 ... ,.. d t 0 its · c r yJ ta l · forms o· f 
h a r d n e s s o ~ p·y r l. ~ e 1 8 r e . 8 · "- e . · ~ 0 (j } . 

66
s-933kg/mml·,and the ,1l'regular shape fac1::.0e1ng 882 94-6 

kg/mm~ .(2) .Quartz: -tyj)_e which shear-ta·nge\1tial dUctll.i­
ty def-ormat.ion, high Al content (Al-"IO?Oper;-' ,l~rge . u_n1t 
c e 1. l ( a 

0 
: 4 • 9 1 5 - 4 • 9 ~ .2 , C o 5 • 4 0 8 - ~ • 4 1 5 ) ~ s r i c h . 1 n g o 1 d , 

but -qu~~tz with small unit cell Cao:4.913, Cc>:5.404J 
~ .s _p o o r o f g o i d .. . 3 .• ·. S p e c t r o s c o p i c f e a t u r e s ( J ) .. r e f l e c - . 
t i v e-~ d i s p e r s i . o n · c u r v e · · ( 2 ) • I R s p e c t r a. • . 
IV.Mineral thermometer and barometer: I.based on liquiG 
inclusion quartz Td 137-418•c, Th 2J4-252c, Td 230-310~ 
2. the te~peratures based on . mineral composition: 
nativ~ gold 250-35o•c, arsenopyrite 320-450°C,quartz 
220-320°C e~c, . gol~ deposit formed at 200-Joo•c. tl\e 
1?res.sure of· t.1\~ ·foid forming ·i-s .100-1 JOO bar,and it is · 
as ~ame· a·s· the _ ~ang.e . o.~~4.02. ki'iomete .deptl). 
V.Therm~d~am.io ~alo: ore tenor of .the main ore . reef 
v a r i e s ' i __ n v e r s e 1 y a s Th , d j. r e c t l y : a s ·r m ~ ( t h e s t t e n g t h 
of main wave .of cr·acred ··inclusion ·>' and free with Td,etc. 
YI.Pyr~electricity typomonphism of mine~als in the orc ·­
bearing ~ ·ro~k the ·t~pes · o~ pyrite have mete P-type. 
Compared with othe~~ deposits in the eastern ctf Shandong 
province and western of Guan-~dong pr·ovince, t:he pyro 
electricity of this deposit h~s following features .: 
pyrite wi'th N-type and · ligh P-type (7'50) is 11ot (20-30} 

occurs in the wall rock near ore body and low p-type 
( I O ~ ~ C ) l i e s 

1 
i ri -· . . ore body • The v a 1 u e o i the 8 Jfs o f ·t h •-: 

• f • • • • • I 

pyr .1te in the ore vein varies in a range of ·t-6. 1-·t-9.2%. 
and the Rbeing 0.5-3%, with the value of the$no and 

D o f t h e ~ a f e tn i n · t h e o r e f o r m i n g + 9 - I 5 • J 7.• a n <l - 5 4 
-78 . . 4%,S110H20,0.o6 +8.1 J%, range respectively, showing 
that the gp1d is onginated from the Baoban 5roup a.nd 
the migmatic . hydrothermal process generated by the 
fructual-metamorphic differentiati~n is the major sta~e 
during the min.erali~ation. It- }las been suggtt . .s'Ced that 
~·11e ~ -=gold in the s .olution probably is in the removing 
~o!~l .o.~ Au(HS)2Sl- a11d tne equat_ion of the 9old react.ior• 
is in the form·S of 2 ·!Aus3J1 .. --+3Fe+-~ 2Au+3FeS2 and .. ... 

[Au(HS)J 2 +e~·:-;As +2Hs-

'I'HE MI OGY AND GEOCHEMISTRY OF A LATE PRECAMBRIAN SOIL 
PROFll ,E - A POSSIBLE SOURCE OF INDUSTRIAL MINERALS. 
Lindsay K. Ferguson, Department of Geology and Applied Geology, 
University of Glasgow, Glasgow, G12 8QQ, Scotland, U.K. 
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Weathering of the surface of Proterozoic rocks in NW Scotland is linked 
to the provision of constituent ions in overlying, economically 
important feldspar deposits. These have i~dustrial value as a slow 
re·lease fertilizer and one such horizon is currently being exploited in 
Scotland. 
The rock of the alteration horizon in the Lewisian gneisses, pegmatites 
and amphibolites immediately beneath the Proterozoic/Phanerozoic 
unconfortnity in NW Scotland is named agalmatolite. The unconformity 
extends for more than 80km and the alteration profile is developed, to a 
variable extent, at most places where the unconformity is exposed . 
. Alteration penetrates to more than 15m in places. 
Na-feldspar is the most readily altered mineral, followed by biotite, 
microcline and quartz. Very fine grained muscovite, a for1n known as 
pinite, constitutes the initial and predominant secondary mineral 
f or1ned throughout the profile, but towards the top, tourmaline rosettes 
and pyrophyllite are also formed. Narrow tourmaline-quartz veins 
penetrate the whole profile . 
Although both hydrothermal and weathering processes have been 
suggested for the origin of the profile, the field evidence would suggest 
that the bulk of the alteration was caused by extensive weathering. The 
mineralogy is also consistent with many palaeosols and indeed, the 
tourmaline may reflect an addition of boron to the Precambrian surface 
from the Cambrian sea, due to adsorption by freshly precipitated ferric 
and aluminium hydroxides and 
incorporation into illite minerals. 
Erosion of this profile may have 
p.rovided detrital minerals, and K _ u 

V) 

and Al ions for the authigenic K- ~ u 

feldspar, in the extraordinarily g 1 

potash rich Cambrian Fucoid Beds ~ °' 
some lOOm above the unconformity 6 

v Q.8 

(Russell and Allison, 1985). < 
An 39 Ar/4° Ar laser probe age n

1 

Q.6 

traverse is shown in Fig. I. The 
O.!' 

... 

-a o 

I 
f 

age of neof or1nation and growth 
of authigenic feldspar is given as 
550-500 Ma with the detrital core 
showing older ages. 

P4 -+-~~-. -.-----.--r-~-r--. ~. ~.~--..-. ~. ~~ 

K/Rb ratios of agalmatolite 
and Fucoid Beds lie within 
the same field which is 
clearly distinct from that 
of other Precambrian 
rocks (Fig. 2). These data 
suggest that there is a 
direct link between the 
alteration profile and the 
genesis of the Fucoid Beds. · 
Similar profiles are 
found across the 
Laurasian craton 

::> ! 1 9 11 0 
Distance 

I 
• 

Fig.1. Fucoid Beds Age Traverse: 

I 

----.... 

1 1 1 1 
K20(%) 

Fig.2. K20(%) vs Rb(ppm) in Scottish Precambrian 
Rocks and Fucoid Beds Formation . 

(eg.Duffin, 1989) and may the ref ore be developed around the margins 
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of the Proterozoic supercontinent elsewhere in the world. Indeed, 
Ronov and Migdisov (1971) pointed out that the earliest Phanerozoic 
rocks in North America have an extraordinarily high K content and 
massive developments of authigenic feldspar feature in many 
exhalative orebodies around the margin of the Proterozoic 
supercontinent (Russell, 1988). 
Hence, where rocks of the Cambrian marine transgression overlie 
gneissic basement elsewhere throughout the world, there may also be 
economically important potash rich deposits nearby. 
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BIREFRINGENT GARNETS FROM THE CALC-SILICATIC FELSES OF 
THE TOLFA MOUNTAINS, ITALY 
V. Ferrini and s. Lucchesi 
Dipartirnento di Scienze della Terra, Universita 
Studi di Roma ''La Sapienza'', P.le A. Moro 5, 
Rome, Italy 

degli 
00185 

Grandite garnet crystals, occurring in an outcrop of 
calc-silicatic f elses in the Tolf a Mountains (Latium, 
Italy) are described. In this area metallogenic, 
metasomatic, thermo-metamorphic and hypoabyssalitic 
events, in close genetic relation to the local acid 
volcanic activities, occurred within the rocks of the 
Palombino flyshoid complex. 

Garnets may be differentiated both optically and on 
a compositional basis. In fact crystals show various 
degrees of optical anomalous behaviour, essentially 
biaxial character, varying from strongly birefringent 
to almost totally isotropic i individuals. C~emical 
composition ranges from a pr~vailing ~nd~aditic 

I 

content to a more grossulari t lic one. Anisdtropic 
' I 

crystals are characterized by the ~1,pical 
''dodecahedral twinning'' of skarn garnets, 'with, 
• 

frequently, a fine lamellar texture, showing variable 
birefringence. Moreover, the most birefringent garnets 
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are sorrounded by rims of recrystallized calcite. Such 
' 

variability in garnet optical behaviour may be related 
to compositional zoning from andradite- (An76Gr22) to 
grossular-rich (An32Gr66) portions, as evidenced by 
electron rnicroprobe analyses, isotropic garnets being 
essentially iron-rich. 

In the calc-silicatic felses effects of contact 
thermo-metamorphism can be recognized and related to 
subsequent and complex petrogenetic events. The 
temperature range (comprised between 450 -600 °c) 
resulted strongly influenced by high PC02 values. 
These variations of environmental conditions- are 
closely related to the different chemical and optical 
typologies of the garnets. 

COMPOSITION AND PARAGENESIS OF PEGMATITIC MICAS FROM 
THE PIKES PEAK BATHOLITH, COLORADO, USA 
Foord, Eugene E., M.S. 905, U.S. Geological Survey, Box 
25046 Denver Federal Center, Denver, CO 80225 and 
Cernf, Petr, Dept. of Geological Sciences, University 
of Manitoba, Winnipeg, MB, Canada R3T 2N2 
Micas (N = 29) from miarolitic pegmatites associated 
with granitic units of the anorogenic Pikes Peak Batho­
lith (1.04 - 0.97 B.Y.), Colorado, range in composition 
from lepidomelane (N = 1) and Li-biotite (protolithio­
nite) (N = 5) to zinnwaldite (N = 21). Locally, 
phlogopite (N = 1) and Fe-bearing muscovite (N = 1) are 

• • • also present (Figs. 1 and 2). Pervasive late-stage 
hydrothermal alteration of many of th~se micas produced 
vermiculite (N = 1). Fresh micas are thus uncommon. 
The majority (16) are from the Lake George Intrusive 
Center, 12 are from the Wigwam Creek area, with one 
each from the Harris Park and Devils Head areas. 
Phlogopite and vermiculite are· from tapered crystals in 
graphic pegmatite growing toward, and adjacent to the 
blocky zone; all other micas (28) are from the blocky 
zone and miarolitic cavities. Principal cogenetic 
minerals are quartz, microcline (mostly of the amazo­
nite variety), and albite, with local topaz or fluor­
ite, and rarely schorl-elbaite. Significant composi­
tional as well as distinct and sharp color-zoning, 
resulting from primary growth fluctuations, are present 
in most crystals formed in miarolitic cavities. A few 
to more than 100 distinct zones were developed. Bio­
ti te (annite) in host granite and early graphic pegma­
tite is compositionally homogeneous. 

Three separate crystals of zinnwaldite generally 
show a decrease, from core to rim (Figs. 1 and 2), in 

· F~tot and MgO. Li2o, F, and sio2 increase while MnO, 
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Rb o, cs2o, and Na2o remain essentially constant. 
To al FeO + Fezo3 ranges from 19 - 30 wt. % for lepi­
domelane and Li-biotite, and from 9.1 - 16.5 wt. % for 
zinnwaldite. The ratio FeO/Fe o3 decreases from about 
10.5 in early biotite to 3 or ess in zinnwaldite, 
reflecting conditions of increasing f02 with 
continued crystallization. MnO values are between 0.53 
and 2.35 wt. % for 26 Li-biotites and zinnwaldites; 

-
one additional zinnwaldite contains about 4.0 wt. % 
MnO, thus indicating the presence of some masutomilite 
component. 

Trace and minor elements (in ppm) include Ba (5 -
400) , Sr ( 4 - 68) , Tl ( 3 - 15) , Ga ( 51 - 700) , Be ( 3 
- 198), and Zn (800 - 5700). The average Sn content of 
three zinnwaldites is 150 ppm. The elevated Zn content 
is an expression of the enhanced Zn content of the 
Pikes Peak Granite and cogenetic pegmatites. Neutron 
activation analyses indicate that the chemical zonation 
is oscillatory and some zones of zinnwaldite crystals 
contain >1.1 wt. % Zn. 

These micas are the products of extreme fractiona­
tion of a metaluminous granitic melt of anorogenic 
derivation. Strong enrichment of Li, Rb, and F is 
indicated. The sharp color and compositional zonation 
present in some crystals of zinnwaldite reflect dis­
tinct and rapid changes in the composition of the 
parent fluid phase. 

Ll,AL,FE 3 + LI 

A Muscovite 

• Zinnwaldite 

Figure 1 . • Li-biotite Figure 2 

o Lepidomelane 

o Phlogopite 

A .. ~ 
• c 

MUSC . ANNITE 
MN FE~+MG · AL,F..._E-,T-l _______ s1-oe_R_O..___F_E_,M~G.MN,ZN 

Dashed lines are tie lines between different zones. 

MINERALOGY OF FERRIMAGNETIC OXIDES AND MAGNETIC 

PROPERTIES OF tCIMBERLITES AND LAMPROITES 
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' 
Gar·an in V. ~1.:. , Zhiljaeva V.A. , Kudrjavtseva G.P. , 

• 
.. 

Mikhailichenko O.A. , Trukhin V.I. 

Geological Faculty , Physical Faculty , M.S.U., 

Mo~:;r; ow, l.JSSR 
• 

It has been e~;tablished that the ~:imberlites are 

characterized by a wide range of si nti l ar· mi ner·al s • • 

Cr-Al-Ti - containing magnetite, Al-Ti - containirlg mag-
• 

ne·t. i te, t i tanomafJnet i te, magnon•agnet i t2, 1naghemi te, mag­

hemi te solid solution, magnetite, hematite. · 

The wide spreading of ilmenite which is ferrimagne-
• 

tic under room tenlperature from the phenocrysts in kim­

berl ite bodies attacl,ed to the central parts of cratons 

The set of • 
in ferrimagnetic minerals 

the groundmass of lamproites : magnetite, hematite, 

titanomagnetite. It has been discovered that the chrome-

spir1els from ·the deep rocks and Ti - containing chrome-

spir1els from kimberlite .and lamproite rocks as well as 

pt1enocr·ysts of p j. cr·oi 1 men.i t.e don't contr·· i bL\te essential -

ly into the magnetism of these rocks. 

The established 1niner ... alogical differences of kim-

ber· l i tes and lamproites are reflected in magnetic cha-

ra<:teristics of these types of rocks. They are cor1trast-

ly different in their valLtes · I t'\ and ~o ( ~::imber·lites 

have higher values of these parameter·s >, 
berlites have~ 1, lamproites ..... ,., ) .. ., ..:.. . •<imberl.ites have 

conve:< character of the curves Ig <T> anc1 J. amproi tes -

the concave one. - Typamorphic magnetic - mineralogical 

f eatL.lr·es of different types of alkali-ultrabas1c rocks 
I ' 

( kimberlites, larnproites, picrites and others> allow to 

sor·t out the bodj.es in accor·r.Jance wi.th their· genetic cha­

racteristics and to predict ore bearing of these rocl<s 

on the basis of indirect magnetic - mineralogical in-

vest i gat i or1. 
• 

-30-



MINERALOGY OF SPINELS FROM KIMBERLITES AND LAMPROITES 

V.K.Garanin, R.Kasimova, G.P.Kudryavtseva, O.A. 
Mikhajlichenko, Department of Geology,Moscow State 
University, Moscow,Lenin's Hills,II9899,USSR 

On the basis of a great number of original and litera­
ry data a comparative analysis has been carried out, 
and the evolutionary trends of spinals from xenoliths 
of deep-seated rocks, from phenocrysts of these mine­
rals and from microcrystals from the ground mass of 
kimberlite and lamproite rocks have been established 
as well. By making full use of personal computers and 
specially elaborated software it became possible to 
make the processing of analytical material highly in-
formative and efficient. -

The evolutionary trend of spinels of deep-xenoliths 
is connected with isomorphic replacements of isovalen~ 
ce character: - cr3\~A13+ • . The .content of chromium dec­
reases in spinals but aluminium increases when . there 
occurs a transition in the series of inclusions in the 
diamond '·>diamondiferous duni tee ,,,,harzburgi tes-.equi~ 

. 
. 

granular lherzolites z•alkremites. At the same time ti-
tanium content in the mineral in low (less than 0,7 
wt.%). 

A second evolutionary trend has come to light in 
the inclusion series in the diamond •wehrlites-.garnet 
~ ·clinopyroxene+ chromespinel growths-..sheared lherzo­
li tes. This trend is connected with the predominance 
of isomorphic replacements of the cr3+~ Fe3+ type. 

" The peculiarity of the minerals of these rocks is a 
rather high to very high content of titanium. 

These two trends are typical for phenocryst spi-
• 

nele from kimberlites and lamproites. The ratio of 
apinele in kimberlites and lamproites is different 
according to the evolutionary trends discovered. Spi-

-31-

• 



nele with high titanium content belonging to the se­
cond evolutionary trend are widespread in lamproites. 

Phase and chemical composition diversity of spi-
. 

nels from the grount mass of kimberlite and lamproi-
• 

te rocks has been established. The following trend of 
epinel crystallization has been discovered for kim­
berli tes: . Mg-Al-chromite with rather high content of 

• 

titanium »Cr-titanomagnetite-+titanomagneti~e-+magno-
sioferrite >magnetite. Spinel crystallization trend 
quite unlike that in kimberlites has been found for 

: lamproite rocks but the diversity and variations of 
the spinel content are far less: Mg-Al-chromLte with 
higher titanium content .... cr-titanomagnetite. 

Problems concerning the genesis of spinals of the 
evolutionary trends found, their connection with 
diamond content, with the sources of deep matter and 
with the evolutionary conditions of kimberlite and 
lamproite magmas are being discussed • 

• 

PHASE RELATIONS IN THE PbS - Ag2S - Bi2S3 SYSTEM FROM THE Mo-W-Bi 
MINERALIZATION OF PERDA MAJORI, SE SARDINI~, ITALY. 
C. Garbarino, G. Padalino, Istituto Giacimenti Minerari, Geofisi-. -

ea e Scienze Geologiche, Facolta di Ingegneria, Piazza D'Armi -
09IOO Cagliari. 

• 

M. Fiori, Centro Studi Geominerari e Mi neralurgici 
D'Armi, 09100 Cagliari. 
L. Maccioni, Dipartirnento Scienze della Terra, Via 
Cagliari. 

C.N.R. • Piazza 

Trentino,09100 

The Hercynian intrusive rnagmatisrn in Sardinia consists of a mag­
matic succession of basic to acid rocks. Two mai~ intrusive pha­
ses ( separated by a I0-15 m.y. time span ) can be distinguished. 
A first phase, developed in a compresstve regime,produced gabbro­
tonalitic to rnonzogranitic rocks, while the seco~d phase was cha­
racterized by leucogranites produced in a tensive geostructural 

- . ... -
• 

regime. These leucogranites differ from the preceding ones not 
only in age and chemical composition but also in the te~tural and 
structural features. These differences indi~at~ that they derive 
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. 
from a shallow level in the crust as a conseguence of the low wa-
ter content of the original magmas. 

. - . 
Leucogranites ?re _ related to all metallif~rou~ ocGurrenc~s co~-

nected with the Hercynian b~tholith;molybdenite and pyrite repre­
sent the m~st widespread ore miner~ls in these occurrences. 
Molybdenite may oc~ur in quartz yein stockworks, in P?ints aiong 
joints, as fracture filling, in veinlets and associated dissemi-. -

nations, sometimes with hydrothermal alteration of the host rocks 
.. - - .. 

( argillic and phillic asse~blages ). Their major features are to 
be considered porphyry-~tyle mineralization. 
The mineralization of _Perda M?jori ( _ Quir~a, SE Sardinia, Italy ) 
occurs in a quartz vein close to the same stock-like bodies of 

- . .. ... - - - ... 

coarse leucog~anites, that i ntrude a metamorphic sequ~nce ~f Silu 
rian age, made up of sandstones, black shales and limest~ne~. 
The Perda MajC?ri vein , s trictly associated to a NW ~ SE trending 
fracture system, ~on~ists of a main ve~n, which varie~ iin width 
from a few centimetres to more than one metre. This vein was tra-
ced for almost SOO m along strike, and along several secondary ve 

-

ins mostly localized at the top of the ma~n vein. 
The most abundant primary ore minerals are wol .framite, molybdeni-

- - - -

te, and pyrite with minor quantities of bismuth~~ite, native bi-
smuth, sphalerite, galena, chalcopyrite ~nd scheelite. 
The non-:-metallic minerals ~re: quartz, feldspars, micas, calcd.te- ~­

fluorite and topaz. Late sericite occurs mainly as flakes on fel-. - . 

dspar: and topaz but it also fills fractures, forms veinlets, etc. 
. . - -. 

All ore minerals were investigated by means of electron micropro-
. - -

be (S~MQ-ARL). The analyses showed that the iron c~ntent in spha-
lerite is ra~her high (up to 5.6%), as are also the silver c~n­

tents in galenas (up to 0.8%) .. Native bismuth and bismuthinite a 
. - . ........ 

re usually intergrown whi.th molybdenite but can also be found di-
spersed in gangue. 
Sulfbismuthides o.f silver and lead, in. the form of soli.d s.oluti-

- - - ... - - .. 

ons, were also observed.· Moreover some phases are present in the 
PbS-Ag2S-Bi2S3 system: galenobismuthite and a solid solution fall 
in the ~illian~te - Pb~gBi3S6 joint, close to Pb~gB~3S~. .. 
Presence of these phases are an indication of the temperature of 
the ore ~arming media, that fall into the pegmatitic to hydrother 
mal range. 

- -
PARAGENETIC ASSE~IBLAGES OF ORE MINERALS IN AN ACID. SULPHATE TYPE 
GOLD OCCURRENCE AT SERRENTI-FURTEI, SARDINIA, ITALY . 

• -

C. Garbarino, S.M. Grillo, F. Melis, S. Pretti, I . . Uras, Istituto 
• 

Gia~imenti Minerari, Geofisica e Scie~ze Geologiche, Facolta di 
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• 

Ingegneria,_Pi~zzi D'Arm~, 09!00 C~glia~i . . 
M. Fiori, Centro Studi Geominerari e !1ineralurgici C.N.R. Pi~zz~ 
D'Armi, 09IOO Cagliari. 

The recently_ discovered gold occurre~c~ of. ~.errenti-F':lrt~i, in Sar 
dinia, is the only acid sulphate type epit~e~rnal mi~erat~ziti~n 

k~own in Italy so far. It o~curs in Oligoce~e-Miocene _a~desites, 

be~onging to a.ca~c-alkaline v~lcanic . cycle which interests wide 
areas in the western half of. the island. 

. . - -
Th~ ore oc·currens:es. are related to advanc;e~ argi.lli~ alteration . -
phenomena which extend over an area of several square k~ldmetre~; 

.. ... .. - . -
these pheno~ena,in particula~,_originated extensive kaolin oodies 
which were ~.xploit~'=1 until recent~y. 
The sulnhi~e bodies-consist of veins and lenses . of . - - chalceddnic 

• 

and vuggy silica, the s"ize· of which is not yet known, - . - - even though. 
their outcrops_ can ea~ily.be f~llowed f~r seve~al ~ens o; metres. 
As far as conce~ns the ore minera~s, the samples examined up to 
now appear to b~long to two paragenetic groups, which are also to 
pographically separate4. . . 
The first group in~ludes_some o~tcrops lo~ated ~n ~h~ nor~h~~ast­
ern par~ of th~ area. Tl:)e p~ragenet~c assemJ?.lage l_lere observed in 

• • • • • • • • 
c~udes enarg~te-l~zonit~, ten~antite, pyrite, coveilite_and nati-
ve gold. Given the disseminated distribution of the minerals, pa-. . - . - .. 
ragenetic relations among them are not well defined,as . in simi.lar · . . . - - - - - -· 
~ccurre~ces in ~ther parts of the world, except . those between . . . ~ 

enargite-luzonite and tennantite. . -
The second group includes an outcrop loc~ted in the south~western - - . - . - - - -
p~rt ~£ th~ area. The paragenetic a~semblage here obse~ve~, in~lu · 

des tetr~hedrite,nat~ve te~lurium,tellurides (~ylvanite, · hes~ite, 

stu~tzite and_altait~ _observe·d so far), pyrite, ch~lc9p~ri~e and 
~ove~lite.He~e paragene~ic _ re~~tio~s are better ~bserved,the most 
evident concerning those between tellurium and 'tellurides on one 
ha~d and t~trahedrite on the o~her, s~nce they_ always occur in 
blebs, often p~lypha~ic, inside the tetrahedrite, which~ in turn, 
denotes high Te contents . 

• • • 

Thus the two groups appear well differentiated as far as concerns 
. - - .. 

th~ir _ min~ralogica~ composition. However they also differ under 
• • 

the geochemical viewpoint. r; As,Sb and Te are considered as cha-. . 

racterizing the two paragel_letic g-roups, one can easily see that: 
- As is presen~ in both a~semblages, but is strongly enriched in 

. -
the north-eas~e~n group_(enargite_and te~nantite),while it occurs 
as a minor . element in t~trahedrite of the south-west~rn· group; 
- Sb ~nd Te charac~erize many m~ne~als in the so~th-eas~ern group 
(T~ bea~ing tetrahedrite, native tellurium and tellurides) while 

. . . - - ' 
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• 

they are confine~ to.trace contents in the enargite and tennanti­
te _of the north-eastern ~u~cr~ps. 
The t~o group~ show differences also as far as gold is concerned • 

• 

In tl;le north-east~r~ assemblage it. occu;-.s as native metal of ex 
• 

tremely high ~ineness, ~bile in the other group it appears to be 
confined to the tellurides. . . 

Both the mi~eralogical a~d t~e geoc~emical 
two paragenetic groups denote differences . -
sent vario~s p~ases of ore deposition. 

. 

characteristics of the 
• • 

that appear to repre-

The not.th-ea~tern outcrops, ch~racterize.d by the enargi~e-luzoni­

te-tennantite asso~iation (i.e . ~s-dominated) might ~elong to a 
highe~ deposit~on _ level as compa~e~ to that of the min~ralizition 
of t~e s9uth-western outcrop, where a Te-rich paragenetic assem­
bl?g~ ~redominates • 

• 

The occurrence of primary covel~ite in the no~th-eastern part mi-
ght indicate a third distinct deposition phase. 

HETEROELEMENTS IN CARBON MATTER FROM MINERALIZED ROCKS. 
M.E.Generalov,M.I.Novgorodova, IGEM, Academy of soien~ 
ces of the USSR, Moscow, Staromonetny 35,109017 USSR 

. -
Disseminated carbon matter (CM) in mineralized terrige­
nous rocks from ore deposits and from eruptive brecoia 
of pipelike bodies was investigated in connection with 
the problem of the role of carbon in endogenio ore for­
mation. Structural and chemical peculiarities of CM were 
investigated by the complex ofdiffraotion,microprobe, 
electron-microscopic methods,CHN-ana.lysis. 
Among the investigated CM kerite,anthraxolite varieties, 
differently ordered graphites were estjmated. 
The average tSickness of graphiti packet varies from 
less than 10 A for kerites,10-40 for anthraxolites, 
and more than 80 A for graphites. 
The contents of usual for natural CM heteroelements are 
(at.%): up to 2.5 N,12.5 0,16.5 S for kerites,up to 108 
N, 8.0 O, 3.5 S for anthraxolites,lower 0.4 N,0.5 O, 0.1 
5 for graphites. . 2 
Microhardness of CM varies from 5 to 15 kG/nun for gra­
phites, 10-60 for kerites,30-160 for anthraxolites.Many 
anthraxolites show high resilience. 
Contents of main heteroelements is intimately connected 
with optical properties of CM: the lower contents of he­
teroelements (and H),the higher average reflectance co­
efficient,the more degree of anisotropism.CM with maxi­
mal contents of heteroelements are usually isotropic or 
slightly anisotropic, R is not more than 6%. 
UR-spectrometric data show the presence of oxi.gen in 

-35-



• 

form of alcoholic,ketonic,oarboxylio radicals in CM, 
bonds C-S ,S-S are estj.mated too. 
Increasing of anisotropism of physical properties,lowe­
r of resilience of CM accompanied decreasing of con­
tents of heteroelements (firstly,S) from anthraxolite 
to graphite point to these possible taking part in for­
mation of 3-dimentional structure due to bridgelike 
bonds through S, 0, N, between aromatic layers.Tearing 
such bonds and isolating aromatio nuclei in result of 
removing of heteroatomic radicals lead to additional 
entering of heteroatoms to mineralforming system. 
Desulphurization of CM may be considered as one of the 
sources of S for precipitation of sulphides. 
This process oan be one of reasons to formation of dis­
seminated ,low o~dered,sulphidizated varieties of CM. 
In some CM there are also other elements ,the presence 
of which can not be explained by admixtures of mjneral 
phases. 
Among them there are Cl,determined in some CM from 
pipelike bodies of Mari time in amotmt up to 1 wt.%, F 
up to 1 wt.% in anthraxolite from Li-deposit of Uzbeki­
stan, As,which is present in the quantity up to 0.2 wt.% 
(more than 1 % in mioroparticles)in the ant~axolite 
from aposoarn mica-carboniferous sulphidizated veins 
from the ore deposit of Maritime and P,which was obser­
ved together with Cl in CM,associated with stibnite,in 
veins of the gold deposit from Uzbekistan. 

NATIVE !~lETALS FROM PIPEL IKE BODIES OF · 'TlliiE. 
M.E.Generalov,G.A.Tananayeva,V.V.Seredin,M:I.Novgoro­
dova. IGEM, Academy of sciences of the USSR, Moscow, 
Staromonetny 35, 10901;, USSR. 
Within the fields of acid effusive rooks (K -Pg ) of 
Maritime pipelike bodies of eruptive brecci~ with mag­
matic ,partly rec~JstaJ.lized cement was investigated. 
The brecoia is composed from xenoliths of liparite, 
andesite-basalts,alevrolites,xenocx-ysts of quartz,feld­
spar.r&;gmatio association is partly replaced by black 
carboniferous quartz-mioa aggregates, with mi.neralization 
which is similiar to described[ 1]. 
The ~ost abundant metallic phases from these aggregates 
are J..J.~on-manganese alloys containing (wt.%) 11.8-15 2 Mn, 
0.74-0.94 Si, o.1a-o.55 Or, up to 0.2 Ni, im urities of 
Sn,Bi,Cu,Ti ( general formula is Fe· Mn-Fe,.,....... 
Acid treatment shows fine-fibrous,Smicro olded struc­
tures of metallio grains.In some of these grains discon­
nection in structure along miorocracks was observed. 
Elements of zo were found in several oomblike aggre-
gates of metal.Around and inside the metallic grains 

-36-



• 

glassy,partly devitrif1cated reddish-broun material was 
found.The composition of glass is rather variable, it 
contains (wt.%): 59.7-72.2 SiO~, a.5-17.6 Al20 , 4.7-

rities of Mn,Mg,Ou. 
The grains of metal which are not preserved by glass are 
remarkably replaced by bydroxides,mainly by goethite, 
oontaini,ng up to (wt.%) 3 Mn, 1 Si, 0.3 Cr. Metallic 
phases often contain isometric and platelike isolations 
of cohenite,orientated along {100) which are enriched 
in Mn and Or ,contain less Fe and Si as compared with 
the metallic 1natrix.The size of metallic gra:t.ns is 0.01-
3 rmn,gra1ns of carbide are not more than 0.05 mm. 
Connected with carboniferous quarts-mica aggregates there 
are also Ou-Zn alloys, metallic Cu, Pb, Sn. 

ved a.round the grai,ns of quartz, izn A io t aggregates, 
in the form of plates in the grain of biotite. Some 
grai,ns :fonn intergrows with native copper, oonta:f.ning up 
to 2.5 wt.% Zn. 
Copper was found also as. individual isolations with the 
size up to 0.5 mm.Besides Zn the copper contains impu­
rities of Pb, Snt Fe, Ni, Si, Al, Ca, Ba. 
The counted size of an elementary cell of Cu-Zn alloy 
is a.0 - .J •. 691.:t0.002· l, and the one for Cu is 3.61J:t0.001 
A,both belong to Fm)m space grou • 
Pb (cell Fm3m, a 0 -. 4.944to.001 1 and Sn (oell I41 /amd, 
a~- . 5.a2!0.01 1, 0 0 - 3.20±0.01 1) form fine-grained 
evteotoidal a egates of platelike,spheroidal shape, 
which point to its melted state dur precipitation. 
Other minerals, connected w1 th quartz-mica oarbon:f.fe-­
rous association are oxides of Ti,for example,ilmenite, 
enriched in Mn {up to 14.1 wt.%),with impurities of Al, 
Zn,V,Sn,Cu,Cr, zircon with impurities of Hf,Mn,Bi,Ti, 
Al,Fe,Mg, REE-containing apatite. More rare is the as­
sociation of sulphides of Fe,Zn,Cu,Pb, with native 
silver. . 
The received results can prove othesis of tre.nspor~ 
tation of ore elements as well as alkaline and some 
unooherent ones with carbon [ 2 , 3 J • Mineral! oomposi tion 
of the association of early metasomatio stage shows the 
transportation of ore elements in composition of high­
temperature fluid, enriched in carbon, at the last 
stage of explosive activity. 

REFERENCES 
1 I.N.Tomson and oth. Graphite-ilmenite-sulphidic mine­

ralisation in ore regions of the East of the USSR, 
Gaol.of ore deposits, v.26, N 6, 1984 

2 M.I.Novgorodova Bative metals in hydrothel'lnal ores. 
M. ,Nauka, 1983 

3 E.Y.Buslayeva,M.I.Novgorodova Elementoorganio compo-
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unds in problem of migration of ore 
Nauka, 1989 
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THE X-RAY LUMINESCENCE OF THE NATURAL FLUORITE: 
RECOGNISING AND ESTIMATING OF ITS CONCENTRATION 
IN· ROCK AND VEIN MI!IBRALS 
Yu.V.Glukhov, V.P.Lutoev, T.N.Bushenyova 
Institute o! Geology, Komi Scientific Centre, 
Ural Division, USSR Academy o! Sciences, 
Oplesnina 2, 167610, Syktyvkar, USSR • 

0 
We have investigated flUrite from various locatypes 
ot one o! the Pai-Khoy's (behiend nothern part of Ural 
system) deposits. The research is made up by the X-ray 
luminescence method in spectra range between 230-
800 nm. Nearly 400 probes are objected to analysis. 
After the statistic processing has been made we found 
that the line intensities o! non-admixture fluorite 
Vk-center (295 nm) /1/ is approximatly constant (vari­
ation - 20%). Moreover, its radiation intensity is 2-3 

• 3-t- 3+ 3 .... range hi her that others, such as Dy , Tb , Sm , 

this deposit which has its own luminescence in ultra­
violet field. 
The radiation line 295 nm has been recognised in every 
lithological variety o! rocks and vein minerals. Its 
average intensity value is equal to 1.J, 18.5 and 
4733 a.u. in tu!!s, limestones e,nd ores, correspon-­
dently. Depending on the rock average meaning o! vein 
calsites ie equel to 0.9, 9.3, 108 a.u. · 
Thus, this method may be used !or testing unvisible 
fluorite in rock and minerals. To estimate the quan­
tity o! !luorite it is necessary to use graduated 
graph !or its artificial mixture with rock or mineral. 
The geochemical methods (!or example !luorine-analy­
si s) can be us~!ul !or determination prospects of 
fluorite. Our method shoud over is direct and can com­
pete with the latter. Fluorine anomalies may be cre­
ated by others minerals-concentrators (F•apatit, · mica 
and others), the method can provide their selection. 
Fig. 1 demonstrates the example o! _application of 
X~ray luminescence !or fluorite mapping. The distri­
bution of fluorite in calsite probes is showed. The 
tendency o! increasing o! the fluorite concentration 
(intensity of the luminescence lines) toward the ore 
bodies is marked. 

• 
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Fig*1 The distribution o! X-ray luminescence inten­
sity !or calsite probes of the deposit part. The num­
bers o! the marks: 1 - loose qovers; 2 - tuf!s with 
diabase-porfirites; 3 - tut!s; 4 - limestones; 5 -
ore bodies; 6 - whethered ore zone; 7 - faults; 8 -
trends of the luminescence intensity; 9 - analysed 
points. 

Reference 
1. O.A.Krasilschikova, A.N.Taraschan, A.N.Platonov. 
The colour and luminescence of natural fluorite. -
Kiev: ''Naukova Dumka'', 1986, 224 p., - in Russian 

MINERALOGICAL COMPOSITION AND ORIGIN OF MANGANESE 1 

CRUSTS FROM THE JAPAN SEA · 

Gorshkov A.I., Berezovskaya v.v., Baturin G.N., 
Sivtsov A.V. IGEM, Academy of Sciences of the USSR, 
Moscow, Staromonetny 35, 109 017, USSR 

The mineralogical composition of iron-m~ganese·for­
mations from the sea floor appears now to be much more 
complex than it seemed before. In ~particular, a num~er 
of new mineral species has been identified in them· 
(Chukhrov et al.,1979, 1989). Now the special attention 
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is paid to volcanogenic-hydrothermal formations whose 
study may help to understand the relation of mineralo­
gical composition of Mn. nodules and crusts to their 
origin. In particular such formations have been found 
(but poorly investigated) on subsea mountains of the 
Japan sea. In order to have more complete information 
on their mineral~gy we studied series of Mn crusts 
collected from two subsea volcanoes and the Northern 
Jamato Rise situated jnside the soviet economic zone of 
the Japan sea d11ring the 35-th cruise of RV ''Dmi try 
Mendeleev'' from 2000-2500 m depths. The crusts consist 
of alternating more and less compacted layers whose 
density depends on admj_xture of fine debris of volcano­
genic mj,nerals and clay particles. Some crusts from 
the summit of one of subsea volcanoes contain abtllldant 
fragments fragments and melds of bivalvian ·molluscs • 

. The age of these crusts based on geological setting 
and micropaleontological data is determined as late 
Pleistocene. They have been formed evidently by rapid 
influx and precipi t .ation of ore materials which covered 
and replaced calcium carbonate of large mallusc colony 
florishing possibly under the influence of favorable 
increased temperature conditions. 

The mineralogical composition of crusts has been 
studied in 25 samples representing varieties of Mn 
oxides differing in color, hardness, surface texture 
and structure. Under binocular these oxides look as 
rather monotonous loose fine-grained brounish to sil­
ver-gray mass with botryoidal texture dissicated by 
fissures filled with vug material. 

These samples have been studied under transmission 
electron mj,croscope JEM-100 eqµipped with energodisper-
si ve KEVEX-5100 set. All samples include assembiage of 
bernessite-like minerals including ordinary 7 A-berne­
ssite, 14 A-Ca-bernessite, and clynobernessite. The 
latter is always re resented by twins which are often 
intergrown with 14 -Ca-bernessite. It is known that 
the ordinary bernessite consists of 7 A layers with · 
disordered lecations of vacant octahedrons and associ­
ated interlayer cations (Chukhrov e~al., 1985), wheras 
14 i-Ca-bernessite and clynobernessite are characteri­
sed by ordered locations of vacant octahedrons (ChUkh­
rov et al., 1985, 1989). It is possible that the latter 
tw minerals are products of diffusive alteration of 
7 -bernessite leading to ordering of cations and emp­
ty octahedrons in the layers of its structure. In some 
samples todorokite with a=9,75 i was found. Occasional-

. ly bernessi te includes some finely di·spersed partic­
les of vernadite which contains no iron contrast to . 

hydrogenous crusts and nodules. It is sup.posed that 
this mineral has been developed by microbiologically 

· induced substitution of bernessite. The described ber-
. - -
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nessi te-todoroki te mineralogical-· assemblage is charac­
teristic for hydrothermal oceanic and marine ore crust~ 
Their hydrothermal origin is also prooved by geologic 

· envirorunent high,Mn/Fe ratio and low content of transi­
tion metals and rare-earth elements which have been 
analized by various methods. 
q~rxpoB CJ?.B. ,roplllKOB A.M. ,CHBUOB AoB. ,Eepe30BCKM B.B. 
0 fIOBllX · M~~H8paJI1HllX q;asax OIC~)~1t-Ii!"ll8CiCt·l.1\: MHKpOKOHKpeuzli. 
Vl3B. AH CCCP. Cepo reoJI. 19790 1f1lo Co83-90 • 

• • 

·qyxpoB ~oBo, CaxapoB EoAo, roplUKOB AoW. H n. 0 CTpyx~ · 
T~rpe 6epHeCC~1Ta III3 TMxoro 01\GaHa. vl3B. AH cc p. Cepo reoJI. 
19850 h~·8o C.,6r3--7So . 
qyxpoB 9.2 oBo ,ropruKOB A 0 ¥1. ' JI.pVIU B. A. ranepreHHIXe OKJIJ.CJ!li 

Mapraaua. r1A: HayKa. 193~. C. 350. 

TYPOMORPHIC FEATURES OF ORE-BEARING VEIN QUARTZ IN THE 
• 

NORTH-EAST OF THE USSR 
Nikolai Goryachev, North-East Interdisciplinary Rese­
arch Institute, USSR Academy of Sciences Far East De­
pa.i'"'tment, 685000 1.1aeadan USSR 
The occurrences of vein quartz evident from gold and 
tin deposits in the l~orth-East of the USSR have been 
studied with mineral typomorphism in yiew as reflect­
ing the ge.nesis of minerals in their composition and 
properties. . 
Such facts as considerable admixtures of aluminiwn not 
participating in the lattice construction, non-perfect 
crystal structure, double-htunped curves in thermolumi­
nescence graphs, standard parameters of the lattice 
cell and textural-structui1 al distinctions of quartz i _n 
eold ore deposits evidence to its crystallization in 
highly silica-concentrated polymer solutions at T=420° 
to 220° and P=O, Bkbar to 1, 51cbar (according to the 
analysis of fluid inclusion). 
Quartz in near-surface deponits is characterized by 
l1igh concentrations of li thiwn and aluminium, lo'v so­
ditun-to-lithitun ratio, anomalous volume of the elemen­
tary cell (0,113.nm and more), non-perfect crystal st­
ructu1"e. 
Different quartz thermolwninescence and grades of per­
fectness of the crystal structu1"e in ore bodies and 
deposits reflect the cryptozonality of mineralization 
which is different in various types ·of deposits. It 
finds .its expression in reduction of thermoluminescen-· 

· ce intensity at depth in gold-quartz deposits and in 
increase of thermoltuninescence intensity o.nd perfect-
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ness of the crystal structure at depth J.n cassiterite­
quartz deposits. 
Quartz from gold ore deposits is characterized by sin­
gle- or double-humped thermoluminescence graphs, whe­
reas in ~in ore deposits these are double- or three­
humped. There ·are also differences in sets of impuri­
ty elements and levels of their concentration. 

MINERALOGICAL AND TYPOMORPHIC CHARACTERISTICS OF 
• 

XIKUANGSHAN ANTIMONY DEPOSIT, HUNAN PROVINCE, CHINA 

He Mingyue, Wang Pu, Chen Daizhang, Teaching and Research Section of Mineralogy, 

China University ofGeosciences, Beijing 100083, People's Republic of China 

Xikuangshan is the well-known antimony deposit which has the largest reserves in the 

world. The deposit is situated at the north of the central Hunan antimony metallogenic belt 

which is the most important antimony belt in China, and at the compounding of structural 

systems of the N eocathaysian and Qiyang Epsilon. After researching the minerals especially 

the quartz and stibnite occured in the antimony deposit, we have obtained several conclu­

sions mentioned below. 

The minerals occured in the antimony deposit formed in five stages, from early to late, 

they are (1) early silicification stage (quartz(I) and pyrite formed), (2) quartz(II)-stibnite(I) 

stage, (3) quartz(ill)-barite stibnite(II) stage, (4) calcite(!)- stibnite(III), (5) late residual 

hydrothermal stage (calcite(II), gypsum, kaolinite, gibbsite, gearksutite and creedite 

fo1,1ned). The most important industrial ore is the quartz(II)- stibnite(I) associated type 

which for1ned in the main mineralization stage. 

To contrast with the quartz(!) unconnected with mineralization, the quartz(II,III) as­

sociated with the stibnite has the below characteristics which can be considered as pros-
7 

pecting typomorphic characteristics: euhedral degree of crystal forms is higher; content of 

impurities is lower such as elements of Al,Fe,Ti, Mg,Ca,Na,Li,Pb,Zn,Sr,Ba,Cr but Cu; con­

tent of each rare elements and total content of all rare elements (L REE) is lower; the ratio 

of La to Yb also is smaller; the crystal lattice constants is smaller and the crystal internal 

structural perfection-crystallinity index is higher; the total absorption intensities of three 

absorption bands near 800cm-1
, 695cm-1

, 475cm-1in its infrared spectra is larger; the 
infrared light relative densities (D co ,D H 

0
) of C02and H20 occured in its inclusions is 

2 2 

smaller and so is the ratio of D H 
0 

to D co ; the intensity of the thermoluminescence va-
2 2 

ries regularly with the space of its occurrence, and it increases 
. 

gradually from the margin to the center of ore body. Nevertheless, the quartz(!) has no or 

contrary characteristics mentioned above. 

The forms of pyramidal faces of the stibnite crystals are very simple, they are only the 

· common simple for1ns such as rhombic dipyramid e{l21} and -r{341} which their faces 
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wholly appear. Although the forms of prismatic faces are complex and have some of high 

crystal indices, yet the appeared faces are mainly common simple forms s.uch as rhombic 

prism m{l 10}, n{210} and pinacoid b{OlO}, and the faces of other for1ns especially the high 

crystal indices appear in the narrow prismatic planes or disappeared. Thus, these character­

istics off orms show that the growing period paralleled with c axis is longer than that paral­

leled a and b axes, the crystal growth tends finally to the perfect crystal for1ns. The main 

content (S and Sb) of the stibnite(I) for1ned in the first generation closes to the theo retical 

values, but the stibnite(II,ill) f or1ned in the second and third generations has a large loss 

value of S. The content of impurities in the stibnite such as As and Fe which affect the qual­

ity of ores increases with its for1ned from early to late, so the quality of quartz-stibnite(I), 

quartz-barite-stibnite(II) and calcite-stibnite associated types is respectively the highest, 

the second and the worst in this deposit. From early to late generations, the crystal lattice 

constants of the stibnite gradually increase, which have positive correlation with the content 

of As that replaces Sb atoms in the internal structure in the way of isomorphous 

replacement. The reflection factors R
1

, Rmand RPare very different from each other, but all · 

of them are monotonously decreasing with the increasing of wavelength. The anisotropic 

rotation angle A1 Pis the maximum which monotonously decrease with the increasing of 

wavelength and the values of Ag-mand Am-pare approximate similar, but the for1ner 
• 

dereases and the latter rises and falls slightly with the increasing of wavelength. Positive and 

negative characters belong respectively to the shortwave bands (smaller than 589nm) and 

longwave bands . 
• 

The pyrite connected with silicification and mineralization has the characteristic of 

higher contents of impurities such as Sb, As and Ba, larger crystal lattice constants and 

greater positive coefficients 9f the ther1noelectricity ( called ''P'' type). But the pyrite oc­

cured in layers of sedimentary carbonate rocks has lower content of trace elements, smaller 

lattice constants and smaller negative coefficients of the thermoelectricity (called ''N'' type). 

SCANNING ELECTRON MICROSCOPE (SEM) ANALYSIS FOR Tl-1E 

COMPOSITION ZONING OF THE MAGNO-FERROMICAS IN PRE­

CAMBRIAN REGIONAL METAMORPHIC AREAS, E,t\ST HEBEi, CHINA. 

' 

He Yixing, Wang Derong, Liu Fulai, Yao Jie and C....ao Lin, 

Electron Microscope Lab., Char1gchun University of Earth 

Sciences, People's Republic of China. 

Some research workers and the author have di,' systemally 

the inf]tJence of metamorphism on the chemical composition ( on the 

basis of bulk analysis ) of magno-ferromicas in regional 
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metamorphic areas, East Hebei. 

This study carry into effect the 

logical features and a lot of the 

observation of the micromorpho-
• 

tive analysis in accordance with 

microarea composition quantita­

the multi-points method (the dis-
. 

tance between points is 3µm, between lines is t Oµm ) on the magno-

ferromica grain using SEM ( JEM-2000FX ) with EDS ( TN-5500). 
• 

• 

""111e SEM analysis shows the component elements, Mg/(Mg+Fe) • Mg, 

Fe ., AI 1 v, k and Si , of the mica , display a complex zoning in ar-
• 

rangement of higher alternating andl lower conten·t from the core to 

margin in the grain. In a grain, there arei at most eight tiny- zones. 

The status of the corresponding zones of the individual element 

pon't coincide strictly, but their content variation tendency along a 

· 1ine of sect;on from the core to margin of a grain correspond with 

each other. The content tendency is a positive relationship between 

Mg, Ti, K and Mg/(Mg+F~) resfJeetively, and a negative relationship 

between Fe, Si and Mg/(Mg+~:-e). 

According to the composition characteristic of the micas studied ~ 

we sum up two types: G) unaltered zoning mica, ir1cluding a core, fotJr 

higher and four lower zones in content for · component element$ 

without alteration. or1ly obser'-'1.ng the late-stage magnc1-ferrorr1ica 
• 

( Fe-rictl ) veins cut into their host rock. It indicate that the type 

of mica was underwent ·at least four thermal events from 

which ·there is a little different temperat:ure.They are higher miner-

(1\\\.)\\\\\~ \.~%\'fC\a.\.\\\\: o\\U \.\\e ~\ade a\. \.\\e\ma\ e\le{\"ts\.700-- ~GG°C , 

belong to the granulitic facies ) . e . g. Shuichang mining area. 

(?)Altered zoning mica, meeting a core, four higher and f'our lower 

zones in content for every component element. Alo11g some of clev-

ages in the mica and the intergrain boundary around it's grain,there 
• 

are K-feldspar veins cut into and slight replaced them,and there are 

also partial chloritization from the mica . This K-replacement is 

perhaps a evidence of the later thermal event. For this type of mica, 
• 

the mineral-forming temperature and the grade of tt1e thermal even·ts 

is lower ( .500-- 650°C, belong to the amph1bolitic facies) . e.g. 

Xingshang mining arp.,a. 

Above conclusion supports the result of1 the times and grade of tt1e 

metamorphic events from field investigation. So, SEM, a useful tech­

nique, quickly provides more and more reliable mineral genetic in-
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formation which is difficult to obtain by other methods such as 

optical microscope, even WDS etc. 

TYPOMORPHIC CHARACTERISTICS OF MAJOR MINERALS AND 
THEIR APPLICATIDN IN EXPLORATION ·op DONGCHUANG 
A 11-Pb DEPOSIT, XIAOQINLING MT., WEST HEN AN, CHINA 

• 

He ZhiLi, Yang Zhen/in and Xu Jiuhua, Department of Geology, Beijing Uni­
versity of Science and Technology, Beijing 100083, People's Republic of China. 

Located in the middle of the famous Xiaoqinling Gold Belt, 
Dongchuang Au- Pb deposit was composed of a series of parallel 

. ' 

ore bearing quartz veins hosted in the Archean Taihua Group 
and controlled by E - W faults. A late Yanshanian Wenyu granitic mass is 
just 2.5 km north of the deposit. Alterations are dominated by Pyritization, 
seritization, silification, carbonatization and chloritization. 

• 

Hydrothermal mineralization was divided into 4 stages: 
• 

I: pyrite-quartz; 
IT: quartz-pyrite; 
ill: carbonate-polymetallic sulphide; 
IV: carbonate-quartz. 
Stage 1I and ill are major gold mineralization stages; stage I and IV 

are minor gold mineralization stages. Native gold and electrum are main 
gold minerals. Many typomorph ic characteristics of major gold 
mineralization stage miner~ls are different from those of minor gold 
mineralization minerals.Followings are major conclusions: 

1 .Generally, the quartz is milky or greyish massive, it contains plenti­
ful large fluid inclusions, most of which are C0 2 inclusions. For the most 
part of infrared waves, stage n and m quartz has stronger absorbtion 
than stage I and IV quartz. Fluid inclusion homogenization temperature 
(Th) suggest a characteristic Th range for the major gold mineralization 
stages with preferred values of 200t - 260t. Decrepition analysis of flu­
id indusion indicates that the ratio ranges of C0 2 I H20 and N; I K+ in 
stage II and ill quartz are 0.30 - 0.58 and 7 .05 - 9.05 respecti~ely, while 
the ratio ranges of C0 2 I H20 and. N! I K+ in stage I and IV quartz are 
0.02 0.34and 5.81 respectively~ Decrepition activity of gold rich quartz 
is stronger than that of gold poor quartz in the same stage. 

2. The pyrite is dominated by semi-euhedral and euhedral cubic. The 
characteristics of gold rich pyrite are fine, irregular, crushed and cemented 

. 

by other minerals. Analysis of minor elements shows that A 0 , Ag, Cd, 
M0 , Cr. A, and Sb content of stage Il and ill pyrite is higher than that of 
stage I and IV pyrite. but the farmer's C0 I Ni ratio is lower than the lat­
ter's. 
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Th·ermal electrical study shows that the average thermal electrical 
coefficient (ci) of pyrite in barren Wenyu granitic mass is 1 83.2µv I t. 
The a of pyrite in stage II and ill is 147 .2 µv I t, while the a of pyrite 
in s··tage I and IV is 1 53.7 µv I t. 

3. The massive apperance of ct1alcopyrite in quartz veins indicates t he 
intense mineralization of stage ill, so chalcopyrite is an indirect gold indi­
cator. Analysis of chalcopyrite shows . that the S8 content is higher, w hile 
Au and Ag content is lower, C0 / Ni= 1. 

4. The galena is dominated by semi-euhedral or euhedral. Analysis 
suggests that the fine -crushed gelena contains more gold than the coarse 

• 

otJdedral one does. Gold rich galena's Ag, Cd, T; and er content is higher 
than gold poor one's. In the same stage ill, the coarse euhedral gold-poor 
galena's average thermal electrical coefficient (a) is -294.7 µv I t, the 

• 

fine crushed gold-rich galena's a is -228.3 µv I t, but the a in stage 
·. IV galena is only -408 µv I t. 

• 

The above conclusions are very useful criteria in exploration. W ith the 
help of Th thermal halo, C02 I H20, CH4 I H20, CH4 I C02, Ag./ Pb, 

Ag I A 0 , Au I M 0 , Cu I Z0 isoline maps and trend surface analysis of gold 
values, a large blind ore body was discovered by pitting . 

• 

RESEARCH ON PROSPECTING MINERALOGY OF ARSENOPY­
RITE IN THE QIQIU GOLD DEPOSIT N0.1, XIJIANG, CHINA 

• 

Hu Daqian, Changchun College of Geology, Changchun, Ji/in 130061, People's Re-
piblic o.f China · 

. 
The Qiqju gold deposit No.I is located in the conjoining part of Anqi fault 

and Baobei-Qiqiu fault within the Hercynian geosynclinal folded belt, Western 
Junggar, XiJiang. The stratigraphy comprises the upper-middle Carl;>oniferous 
Tailegula Fortnation and . Baogutu Formation, which are characterized 

• 

petralogically by lightly metamorphosed basalts, diabases,silicalites and tuffes. The 
ore bodies, extending along NW, NE and NNE, occur in the forms of veins and 
lenses, and strictly controlled by fractures. The ore minerals mainly consist of na­
tive gold, pyrite, arsenopyrite, and the gangue minerals are quartz and calcite. 

Arsenopyrite is one of the major gold-bearing minerals, either euhedral or 
subeuhedral, and takes the form of rhombus short or slender column and transect 
twin of two or more short column crystals. Crystal measurement reveals that 
rhombus short column is the combined form·s off 110} with f012}, f 013} or f 016}, 
while the slender column is only form off 110}, whose C axis is marked by fracture. 

There are two kinds of arsenopyrites formed d~ring two mineralization stage 
in the study area. The early generation is marked by rhombus short column or 
twins, and the later one by slender column. Electron microprobe analysis shows 

. 

that the early generation exhibits enrichment of S. Se. Te. Sb. Pb. Zn and Ag, while 
the later one is relatively enriched in Fe, As, Au, W, Bi, and Mo . 

Apart from the Au content in arseno.pyrites, the Fe I (S+As) > 0.5(atom num-
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ber), and As I Sb> 1000 are also considered as indication of Au bearing. 
The microhardness of arsenopyrites with different form vary within 

833-1135.5 kg I mm2 in the study area. The first generation is Characterized by 
microhardness larger than lOOOkg I mm2

, and the later one is usually smalier than 
• 

950 kg I mm2
• The main reason for this is the enrichment of Fe and lack of nega-

tive ions, which may result in the decrease of the covalent bonding. The large 
amount of Au in inclusion fractures may also contribute to such feat-µ!~~ · · 

The arsenopyrite is an electronic centre type of semiconductor. This is due to 
that [AsS] need to catch one more electron than [S2] to reach the stable state, 
which means a relatively excess of positive charge in the crystal. These extra posi­
tive charge have the tendency to absorb nearby negative charge, resulting in the 
electronic centre type of semiconductor. The ther111oelectric coefficients (a) of the 
arsenopyrite show perfect zonation in the mine. For example, in the quartz veins it 
has a value larger than -140.00; in alteration zone it is range of -140.00 
-110.00; and within the host rocks it is usually less than -110.00. The a value of 
arsenopyrite, however show . small variation in space within the ore bodies which 
shows no apparent rule. 

The grain size of arsenopyrite bear some effects on a value. In general, if the 
grain size is increased by a factor of two, the a value could be increased by about 
20% . These is also a tendency within the same size grade, that is, the larger the ex 
value is, the higher the gold content is. 

TYPOMORPHIC CHARACTERISTICS OF THE MINERALS IN 
ZHANG- JIAKOU-XUANHUA GOLD DEPOSITS IN CHINA 

HU Xiaodie, Zhao Jianong, Li Shuangbao, Tian.In jnstitute o.f Geolo~y and 
Mineral Resources, Tian.ir.z 300170, People's Repu,blic o.f CJzina 

There are more than 20 minerals in gold-bearing quartz veins in 
Zhangjiakou-Xuanhua gold area. The typomorphic features of pyrite, 
galena, chalcopyrite, quartz, potash feldspar and native gold are discussed 
in this paper involving typon1orphism of morphology, composition, texture 
and physico-optical characteristics which have great geological and 
geochemical significances in studying gold mineralization, and genesis of 
gold deposits. Only some typomorphic features are mentioned as follows. 

The morphology, glanularity and crushing degree of pyrite have a great 
influence upon the Au content in it. Pyrite with fine allotriomorphic 
granular structure is in company· with intensive crushed pronounced 
enrichments of Au. The chemical composition of pyrite, especially Au, Ag, 
Co, Ni, Se, Te and As have typomorphic significance. The Au I Ag, 
Co I Ni, Se I Te, and SI Se ratios of pyrite are obviously different from 
those of pyrite from post magmatic hydrothermal gold depo.sits. Calculated 
unit cell parameters of gold-bearing pyrite reveal that Au does not enter its 
crystal lattice. Gold usually filled in cleavages and fractures of pyrite. 

The deformation of quartz was very intensive. Uniaxial crystal can be 
changed into biaxial; the banded wavy extinction was appeared; the inclu-
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sions in quartz were changed into elongated, thinner and separated each 
other; quartz was intensively crushed. Quartz contains difinite amounts of 
Al,. Na, Kand Li which have influence on the increasing of the Au con tent. 
The temperature, pressure, salinity and composition of inclusions in quartz 
indicate the characters of ore-forming fluid and the physico-chemical con­
ditions off ormation of gold deposits. Characters of hydrogen and oxygen 
isotopes of quartz indicate that the ore-forming medium was typical 
metamorphic water with some meteoric water. 

On the basis of the main typomorphic features of all six species of min­
erals, genetic type of the gold bearing quartz veins might be inferred to the 

• 

metamor phous hydrothermal ore deposits. 

ON GEOLOGICAL IMPORTANCE OF THE TYPES OF SULFOSALT 
MINERAL ASSEMBLAGE 

HUANG Minzhi, Institute o.f Mineral Deposits, Chinese Academy o.fGeological S ci­
ences, Bei.jng 100037, People's Republic o_(China 

• 

It is proved that there is internal relation between the sulfosalt mineral assem­
blage (SMA) type and the mineralization condition, on the basis of the initial study 
of some deposits abundant in sulfosalt minerals in the Nanling arae of China. Re­
vealing the relation is of guiding importance for the study of deposits theory and 
practice of seeking for deposits. ... 

1. There is a definite evolution regularity of SMA in the process of deposits 
forming . In the later period of the forming ~f deposit, Lots of characteristic 
sulfosalt minerals occur in Dachang Sn-multim.etal deposit(Guangxi). The miner­
als that deposited first from the solution are jamesonite, boulangerite and zinkenite 
which represent the simple Pb, Sn-SMA. Since the metasomatic reaction occurred 
btween the solution and the early crystalizing minerals, subsequently the 
franckeite, stannite, rhoclestannite and herzenbergite assemblage rich in Sn, was 
formed, followed successively by owyheei~e, andorite, dadsonite, ram~ohrite, 
miargyrite, Ag-tetrahedrite, freibergite, keo bellite, tin tinaite, lillianite, 
galenobismutite, matildite and pavonite assemblage which are known as Sb, 
Bi-minerals containing Pb, Ag, and Cu, and grecronite, heteromophite, plagionite 
and bournonite assemblage rich in Pb and Sb, finally benaviaisite, fuloppite and 
stibnite assemblage rich in Mn and Sb. It shows that the mineralizing solusion is 
rich in Pb, Sn, Ag, Sb and Bi showing an evolution from mineral rich in Pb to that 
rich in Sb at the later stage of ore formation. Furthermore, the space distribution 
of ores indicate that the upper part is characterized by the' simple Pb, Sb-SM A, 
and the lower by a complex SMA resulting from metasomatic reactions. 

2. SMA varies regularly relative to zonation of ore deposits both in orefield 
and mineralization belt. In Dachang orefield, as well as in Danchi mineralization 

. 

belt where the Dachang ore deposit is located, the SMA .in various deposits have 
distributed in zonation around the center of magmatic activity. Sideward from the 
rock body, the zoned mineralization is in order: (a) Sn-bearing skarn Zn, Cu-de­
posit where the Pb, Bi-SMA predominates; (b.) high-median temprature 

-48-



cassiterite sulphide deposit where predominates _Sb, Bi-SMA Containing Pb, Sn, 
Ag; (c) median-low temprature W, Sb-multimetal deposit where predominates 
Pb, Sb-SMA;(d) median-low temperature Sb, As-multimetal deposit in Wuxu lo­
cated on the outer Side of the Danchi mineralization belt where predominates As, 
Sb-SMA containing Pb which is characterized by As-bearing playfairite and 
sterryite, Sb-strtorite, dufrenoysite, semseyite, jamesonite and boulangerite. Ac­
cording to the characteristics of sulfosalts devoloped and then ralative contents in 
varied deposits, some typical f oi"mulas of composition of the minerals are general­
ized showing the dostribution of the SMA from the rock body to the outside of the 
orefield and the mineralization belt: (a) [Pb(Ag, Cu)]x[Sb(Bi)]ySz • (b) [Pb, Sn( Ag, 
Cu)]x[Sb(Bi)]ySz • (C) [Pb(Ag)]xSbySz • (d) Pbx[As,Sb]ySz. 

3. The SMA is different in differnt types of deposits. For example, the 
Dachang Sn-multimetal deposit is related to acid rocks, where the Sb, Bi-SMA 
containing Pb, Sn and Ag includes mainly franckeite and jamesonite, and its typi­
cal formula of composition is [Pb,Sn(Ag,Cu)]x[Sb,Bi]ySz; the Cu, Mo and 
Bi-multimetal deposit in Baoshan, Hunan, is related to intermediate acid rock, 
where Bi, Sb-SMA chara teristic of Cu, Pb includes lillianite, heyrovskyite, gladite, 
cosalite, bursaite, galenobismutite, wittichenite, emplectite, nuffieldiite, junoite, 
aikinite, jamesonite and boulangerite, and its typical formula of composition is 

[Pb, Cu ]x[Bi,Sb ]ySz. 
Fact shows that there are certain evolution and distribution regularities for 

SMA both in time and space. The SMA can give not only information on 
physical-chemical conditions of deposit forming, but also important indications 
for dividing deposit into belts and for seeking for blind orebodies. 

MIN:E;R.AI.QGY OF ARCTIC ZONE OF WEATHE!RING OF PHCEPHORITE-
BEARING ROOKS · · 
Ievlev A.A., I~s~i~ute of Geology, Komi Scientific 
Centre, U~al Division; USSR---Academy of Sciences, 24 
Kommunisticheskaya St., 167610, Syktyvkar, USSR 

The.r~gions of arctic climate where the periods of 
po~1t1v~ tempe~a~ure.are short, w~ere the most of at­
moopheria precipitations falls in solid phase where · 
the permafrost has a ~road spreading are·traa.ltional­
ly a~sumed as rat~er inert to weathering. The role of 
physical d~str~ction of .rocks at the expense of fros~ 
ty weatherin~ is recognized, but it is stated that the 
zone of .. ~hemJ.cal remake of · rocks is absent or shown 
very weakly.· 
~ut th~n, there is t~e information about proceedjng of 
intensive rock-remaking processes in permafrost zone 

pro~esses at freezlllg, melting and fluctuation of ne~ 
gat.~ ve temperat~e ·or r?·cks is unified by term cryoge-
nes is or cryohypergenesis. The characteristic fea·t1lres 
of su?h p~o?~sses are: (i) prevalence of physical de­
nudation, (~1) ~lowdown of chemj ·ca.l and biological 
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processes, (iii) primJtive diageneoUs processes··thanks 
·to the low ·temperature of environment which causes the 
g?od·safety of poor stable mineral products of weathe-
ring. · 
For the last years we· study the arctic weatherjng zone 
of .phosphorite~bearing black shales of Pai-Khoy moun- · 
tain range (USSR·)• Phosphori te-bearing rocks are typi­
cal · for ·the lower-Visean sediments of ·shale zone of · 
Pai-Khoy. Such rocks contain numerous spherical-flat­
tened concretionse The chemical study of concretion 
c~mpos~tion showed that predomjnate component was apa­
tite-like three-calcium phosphate, be.sides that the 
fine-crystallized chalcedony, fine-dispersed organio 
matter and calcite got into their com osition$ X-ray 
study of concretions revealed the ne er stalline , 
phases: fluorapatite, quartz, feldspar an fluorite 

.. Our study of different products of weathering -allows 
to restore the motion of weathering processes. 
Prima.ril:v the formation of altered porous rocks on 
black shales substratum takes place. The next proces- · 
ses take place: (i) pyrite, carbonate and clay materi-
al are destroyed and products· of decomposition are 
carried out, {ii) quartz framework of rock and organic 
matter remain .. unaltered. · · 
Then the disintegration of altered porous rock occurs 
with the formation of scrap material right up to fine-
dispersed mass. Mineral solutions carrying out the 
products of black shales decomposition give rise to 
abundant and various sulfate mj.neralization which is 
present by both crystal and amorphous material. Leaked 
X-ray amorphous a gregates ( stalaoti tes, stalagmj.tes 
and saline crusts appear at slow penetration ·of mj.ne­
ral solutions through the layer of disintegrated rock 
and gradual deposition of dissolved matter. Rozenite · 
and halotrichite arise thanks to the ajr drying of · 
such · aggregates. Crystal sulfates (jarosite, melante~ 
rite, rozenite, halotrichite, copiapite, coquimbite) 
form thin sttrface sediments (crusts, fillings of· . _ 
cracks and hollows in the rock). Rozenite ·appears as 
a result of natural dehydration of melanterite. The · 
next sequence of mjneral arising is discovered· jn co-­
piapite-coquimbite a greg~tes: primarily the more wa~ 
ter-bearing mineral copiapi te), then i ·ess water-bea­
ring one ( coquimbi te·). Gypst1m appears as a · result ·of · 
interaction between sulfate solutions and calcite. 
Phosphate component is registrated in chemjcal compo­
siti·on of all sulfate products of weathering. Diado­
chite and highly-concentrated viscous hyd.rosols of 
alumo-iron-sulfate-phosphate composition appear under 
the conditions of high content of phosphate in mineral 
sol-u.·tiuns. The arisj,ng of CI;'ystal sulfates and forma­
tion of solid gels take place at air-dried densing of 
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such h.ydrosols. Crandallite forms under t ·he condition 
of high CaO content in phosphate hydr_o~ols ~ . 
Mineral composition of zone of w~atherl.!lg indicates 
the modern proceeding of weathering processes and 
high degree both physical and chemj.c.al remake o~ mate-
rial of initial rocks. 

DISCUSSION ON THE GENESIS OF THE ''MARBLE'' IN ARCHEAN 
TERRAINS IN THE LIGHT OF THE GENETIC INFORMATION OF 
THE MINERALS CONCERNED 

Jiang Yongnian, Tianjin Institute of Geology and 
Mineral Resources, Tianjin, 300170, People's Repub­
lic of China 

In the Archean iron formation and ·iron ore depos­
it related to ultrabasic rock, there is a kind of min­
eral association: carbonates (calcite and dolomite) + -magnetite+actinolite+serpentine+quartz. It is named 

- - - I . marble by some geologists when the carbonate con -
tent is rather high, and described as a kind of rock 
type in stratigraphic sequence. However, the so -
called marble is different in some respects from a 
eedimento-metamorphic one. 

According to the genetic information on carbon -
ate minerals, the author considers that the main 
minerals, calcite and dolomite,of the so-called mar­
ble were formed by the hydrothermal alteration of Ca­
pyroxene and Ca-amphibole of ultrabasic rocks ( Zao -
anzhuang and Naoyumen) and those of iron formations 
(Waitoushan and Shuichang). This has been confirmed 
by the genetic characteristics of carbonate min -
erals, such as irregular coarse- rain, short prism 
( pseudomorphs after Ca-pyroxene , traces of Ca -
pyroxene cleavages at angles of 9) and a7· , REE dis­
tribution characteristics and relict Ca-amphibole , 
etc. Thus, they should be substantially considered 
as altered rocks rather than marbles. 

Whether marbles might occur in Archean terrains 
has been under discussion .up to now. In our country, 
although s9me geologists previously suggested tha~ 
marblesdon 'toccur in Archean terrains, yet they 
could not further put forward strong argument. Now, 
the conclusion of this paper supports their viewpoint • 

• 

• 

STUDY OF GENETIC MINERALOGY OF THE OXIDIZED ZONE OF 
X·IKUANGSHAN ANTIMONY ORE DEPOSIT, HUNAN PROVINCE 
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Jiang Yongnian, Tianjin Institute of Geology and 
Mineral Resources, ·Tianjin, 300170, People's Repub­
lic of China 

. • 

The fundamental characteristics, genetic infor­
mation and distribution in time and space, of · 
the main secondary minerals of oxidized zone in Xi- . 
kuangshan antimony ore deposit,Xinhua County, Hunan 
Province, such as native sulphur, kermesite, stibi~ 
conite, valentinite, limonite, carbonate, eulRhate, 
d·icki te, . have been studied, and the features of the 
oxidized zoneisdiscussed on the basis of this study. 

.. .. .. - -

1. Although the oxidizing process is restricted 
by the ore type poor in pyrite and the properties 
of the country rocks, the oxidizing action may take 

·. place along the fractures up to considerable depth. 
Thus, the oxidized zone develops imperfectly, and 
there usually remain the primary· ores in the oxi~ 
dized zone. 

2. The development _ of the oxidized zone 
is probably related to the mineral species formed 
at -~ certain stage, for example, kermesi te fo.rms in 
the initial oxidizing stage,but it may be converted 
to stibiconite quite soon. Valentinite and native 
sulphur crystallize in later stage. The carbonate 
may be considered as ·a product of the. latest 
stage of the oxidized zone. 

3. The distribution of minerals on the longit~din~l 
profile of the oxi.dized zone may be 1given· : 
stibiconite and limonite occur in the upper part , 
sulphates (gypsum, bari te, etc), in the middle part, 
and native sulphur and valentinite, in the lower 
part. 

In short, the 
tion and regular 
mentioned above 
chemical behavior 

Jiang Yongnian, 
Mineral Resources, 
lie of China 

author considers that the forma­
distr ibution of these minerals 

may depend mainly on the geo -
of the elements concerned. 

Tianjin Institute of Geolqgy and 
Tianjin, 300170, People's Repub-

• 

ASSOOIATIONS OF AU-Ag TELLURIDES AS MINERALOOICAL INDI­
CATORS OF GEOCHEMICAL CONDITIONS 

. 

A.I.Karapetian, Institute of Geological ··sciences of the 
Academy of Sciences of the Armenian SSR, 3750!9-Yerevan, 
·Av.Bagramian 24a, Armenian SSR, USSR 
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The indicator role of associations Au-Ag tellurides is 
established the Armenian SSR goldore and goldbearing ores 
investigation being an example, which are presented by 
petzite, calaverite, krennerite, sylvanite, hessit, na­
gyagite. The associations Au~Ag tollerides are mainly de­
veloped in a number of proper goldore and goldbearing de­
posits :formations and they are less revealed in the ores 
of auriferous ore deposits formations. 
The comparative analysis of minerals paragenetic associa­
tions revealed following peculiarities of qualitative-mi­
neralogical composition of paragenetic associations, al­
lowing to consider some gold tellurides as mineralogene­
sis geochemical conditions indicators. 
r. In all minerals equilibrium para enetic associations 
in which silver tellurides (hessite take part as a rule, 
there are absent or are exceptionally rare sulphides and 
sulphosalts of bismuth i.e. bismutine, wittichonite, emp­
lectite, aikinite, aramayoite, mutildite, oosalite, cup­
robismuthite, galenobismuthite. Associated with above 
mentioned minerals the tellurides of bismuth take part 
too i.e. tellurobismuthite, pilsenite-wehrlite, tetrady­
mite, which associate with the native gold, rarely native 
silver, with sulphides and sulphosalts of silver and bis­
muth. .. 
2. In the equilibrium paragenetic associations the silver 
sulphides and sulphosalts are almost competely absent i.e. 
acanthite, polybasite-perseite, stephanite, pyrargyrite, 
miargyrit, aramayoite, stromeyerite-jalpaite etc., as well 
as kustetite and native silver, which have a significant 
development in the equilibrium paragenetic associations 
3. In paragenetic associations with gold tellurides the 
native tellurium rarely develops only in certain mineral 
associations and tellurium concentrations. In ores rich 
i n petzite and (or) hessite as well as in paragenetic as~ 
sociations with native silver and silver sulphides the 
native tellurium is absent. It is present only in very 

rich in tellurium ores as microscopic segregations in 
a s sociation with tellurides of gold, silver, lead, some­
times bismuth, nickel, coppero 
4. The sequence of tellurides segregation corresponds to 
the tellurides cations valence decrease. Tellurides of 
iron, nickel, bismuth, gold (trivalent), copper, lead, 
quicksilver are the earliest and tellurides of monova -
lent gold and silver from latero 
5. The native gold from paragenesis with petzit, as a ru­
le, is characterized by its higher standard (900-950) in 
composition with paragenesis with hessite (800-850). The 
latter is associated with electrum or kustelite. 
6. The native gold from paragenetic associations with 
gold tellurides is characterized its greater heterogene-
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ty in composition. In the native gold by the value of 
trace elements content changes silver, iron, quicksilver, 
cobalt, platinum, copper are especially distinguished • 

• • 

• 

GENETIC MINERALOGY AND PROSPECTING FOR TIN 
Radkevich Katerina, Far East Geological Institute, 
Far E·ast Branch of AS USSR, Vladivostok, 690022, USSR 

When prospecting for tin, the examj.nation of rock and 
ore specimens and heavy concentrates is of great ~m­
portance for determination of a possible formation 
type of mineralization, a depth of ore formation, and 
prospects of ore distribution down the dip. Different 
methods of investigation and first of all the geoche­
mical ones determining the composition of admixture 
elements are applicable, that allow to estimate a 
depth of erosional level and approximate temperature 
of ore formation and to define the under-ore, intra­
ore and supra-ore level of the outeropped body. G.A. 
Osipova has determined some ~- regula.ri ties of changes 

of admjxture-element composition in cassiterite with 
• 

depth - increasing In,Be,W,Fe and decreasing Sc,Nb. 
This is characteristic of cassiterite-sulphide depo­
sits of the Soviet Far East. Thermobarometric method 
also helps to determine the depth of erosional shear 

• 

of ore bodies and their erosional level by quantity 
and nature of gas-liquid inclusions. Thus, the field 
investigations must be accompanied by laboratory one. 
Textural and structural features of ores allow to es­
timate preliminarily ore concentration and choose pos­
sible te~hnology {gravity,hydrometallurgy,alloys). 
Associated minerals make it possible to determine the 

formation type of deposits: cassiterite-quartz {grei- . 
sens,quartz veins) - cassiterite and light mica aggre-
gates; skarn - garnet-pyroxene aggregates; cassiteri-

. te-sulphide - cassiterite and sulphide, tourmaline, 
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and chlorite accociation. Different geological evide­
nces are applicable to prosrect the formation types of 
ores of each formation, though polyf ormation complexes 
are possible, particularly when carbonate enclosing 
rocks (limestones) occur together with acid tin-bea­
ring granites, which results in the occurrence of gre­
isena and quartz veins with skarns and cassiterite­
sulphide bodies. 
The primary mineralogical-geochemical features prede­
termj.ne the way and methods of further investigation 

• 

and prospecting of deposits. 

DENDRITIC PHOSPHATE MINERALS FROM GRANITIC PEGMATITES 

Paul Keller, Institut fUr Mineralogie und Kristallchemi.e der Uni­
versitat, Pfaffenwaldring 55, 7000 Stuttgart-80, F.R.G. 

.. 

Dendritic or arborescent phosphate minerals and also skeletal 
single crystals, mostly triphylite-lithiophilite solid solution 
members, but also manganqon apatite, have been observed (i) in 

• 

numerous granitic pegmatites of Namibia and the Black Hills, 
U.S.A., (ii) in a few occurrences of Finland, Rwanda, Brasil, 

Sweden, and Bayrischer Wald, F.R.G. (KELLER, 1988). 

The dendritic Fe-Mn phosphates are often exposed in quartz-musco­

vite-albite rocks, with varying amounts of each mineral. These 

rocks may belong to different pegmatitic units from the wall zone 

to the margin of the quartz core and to replacement bodies, but 
were preferencially seen within the outer intermediate zone and in 
pegmatitic units of uncertain origin (KELLER & VON KNORRING, 

1989). In a number of pegmatites, the rocks with dendritic Fe-Mn 
phosphates are also carrying important ore minerals, e.g. beryl, 

• 

columbite, cassiterite, etc. 

The occurrence of dendritic phosphate minerals is, in general, an 

indication of crystal growth under characteristic nonequilibrium 
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conditions in granitic pegmatites (surprisingly!), and, · a -

cular, an important tool in interpreting the evolution history of 
-

granitic pegmatites. Due to typical intergrowth textures between 
the dendri tic phosphate and the s i 1 i cate mi nera 1 s, replacement 
could be excluded and paragenesis between these minerals could be 

_corroborated (KELLER, 1988). A fact, that has been only suspected 
. 

so far, but is a requirement for the determination of meaningful 
thermodynamic data and several other important genetic data like 
- the Fe/{Fe+Mn) ratio of the Fe-Mn phosphates, 
- the partition of (i) transition metal and Mg, Al, etc., and 

(ii) trace elements, e.g. REE, Sr, Rb, etc., between the phos­
phate and silicate minerals. 

Some results of most recent investigations, mainly from Namibian 
pegmatites will be presented. 

KELLER, P. (1988): Dendritic phosphate minerals and their para­
genetic relation to the silicate minerals of pegmatites from 
Namibia and the Black Hills, South Dakota, U.S.A. - N. Jb. 

Miner. Abh., 159, 249-281. 
KELLER, P. & VON KNORRING, O. (1989): Pegmatites at the Okatjimu­

kuju farm, Karibib, Namibia. Part I: Phosphate mineral associa­
tions of the Clementine II pegmatite. Eur. J. Miner., l, 567-

593. 

DISTRIBUTION OF BENTONITE RESOURCES IN TIME AND SPACE 
IN IRAN 

Ahmad Khakzad, Dept. of Geology, Ahahid Beheshti Univ. 
Evin, Tehran, Postal code 19834, Iran. 
Abdolmajid ·Yaghubpur, Dept. of Geology, Tarviat Moalem 
University, Mefateh Ave., Tehran, Iran. · 

• About 50 bentonite respects have been studied. At 
present time the products of bentonite mines are used 
in drilling mud, fuller's earth, etc. 

Most bentonites in Iran are preduced 
alteration of pyrroclastic rocks (tuffs and 

• 

from the 
uffited), 

that have been formed in marine environment. Generally 
the chemi .cal composition of the tuffs are acidic, and 
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the way · of the formation of the bentonites Cenozoic 
Era of the Alborz, Iran, as a typical pattern is 
explained in detail. 

It had been suggested that the bentonites have 
been produced by the proc~sses of alteration in tuffs 
and the tuffites and the bentonites are mostly formed 
in situ. It is also apparent that part of these 

• 

deposits has been formed by hydrothermal processes. 
In some parts of Iran as for example in the Zagros 

region it seems that the bentonites have sedimentary 
origin, but this idea is still on doubt. 

The oldest bentonite deposits of Iran are found in 
the Cretaceous sediments, but most of them are younger 
in age and are usually Eocene to Olige-Miocene age. 

X-ray investigations <X-ray diffractometer method) 
have indicated that the composition of the bentonites 
of Iran belohgs to the montmorillonite group minerals 
and are usually associated with cristobalite, quartz, 
and little feldspar minerals. 

25 samples from bentonites have been chemically 
analysed and they showed to include Na-bearing bento­
ni tes, Ca bearing bentoites, Na-Ca-bearing bentonites, 

• 

Mg-K-bearing vineonites and K-Na-bearing bentonites. 

OCCURENCES OF SOME RARE MINERALS DERIVING FROM NEOGENE - • 

MAGMATISM IN HUNGARY 

Miklos Kozak - Gyula Szoor - Peter Rozsa, University of Lajos Kossuth, H-4010 

Debrecen, P.O.B. 4, Hungary 

Wax opal (Telkibanya village, NE HUngary): In the Tokaj Mountains (which is the 
. 

most eastern one of the Inner Carpathian Volcanic Belt in Hungary), near the eastern bor­

der of Telkibanya village, there is a shallow-extrusive perlitic mass within an area of Low­

er Sarmatian (Miocene) acidic volcanics. A characteristic local variety of the volatile-rich 

zones is the rhyolitic spherulitic perlite; in its red lithoidic rhyolitic veins, yellow wax opal 

and} in subordinate amount, milk opal, fire (noble) opal and other colored varieties can be 

found as fillings in the vesicles with tridymite on their walls. 

Halloysite (Kovagoors village, W Hungary): One of the tuff cones of Pannonian 

basalt coming from the ''final" stage of the inner carphatian magmatism can be found at 

the eastern border of the Kovagoors village. At the foot of the cone, lava intrusions are 

situated in an Upper Pannonian (Pliocene) abrasion sand-gravel bed. The material of 

these intrusions were converted into halloysite by the former wet environment and the sub-

sequent supergenic processes. . 

Rhomboclase, copiapite (Uzsa village, W Hungary): Copiapite and rhomboclase were 

identified as secondary products of a strong marcasite impregnation in a lower Pannonian 

(Pliocene) gravel bed near Uzsa village. Their origin can be related to the one time 

post~·olcanic phenomena of the nearby basaltic volcanism. 
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ORIGIN OF GARNETS WITH REGULARLY DISPOSED GYDROCARBON, 
• 
• 

SILICATE AND OXIDE INCLUSIONS FROM KIMBERLITE PIPE MIR 

A.N.Krot, Vernadsky Institute of Geochem, Analyt. Chem., Kosygin Street 19, Moscow, 

USSR 

Physical and chemical characteristics of the upper mantle rocks and minerals remain 

puzzling problems. Valuable insights can be gained by study of garnets with primary inclu­

sions. Large single crystals of pink and red-violet garnets (-8 mm in diameter) have been 

discovered in the kimberlite pipe Mir (Yakutia). These garnets are saturated by great 

abundance of different silicate, oxide and fluid inclusions, disposed regularly in the garnet 

matrix. The garnets and inclusions were investigated by complex .. methods, including SEM, 

EPM, optical-, Raman- andIR-spectroscopy and some others. Studied garnets are char-
. 

acterized by low contents of FeO (4,46-8,71), Ti02(0,03-0.15),Cr20 3(0,12-0,41),Ca0 

(3,51-5,29,highcontents of MgO (18,88-23,44) and Al20 3(22,61-25,97), low Fe~centers 

concentration and low values of colorimetric aprpmeters (Pc0,2). These compositional 

pecularities, optical spectroscopic and colorimetric parameters of garnets suggest their ori­

gin under very reduced conditions, which are .consistent with the presence of fluid 

hydrocarbon inclusions in them. There are a lot of inclusions in these garnets except brown 

colored complex hydrocarbon inclusions. Most of them are diopside (18,38-19,87 MgO; 

17,53-19,34 CaO; 0,46-1,03 Na20), some others are olivine (1,48-3,83 NiO; 3,53-5,05 

FeO), rutile, ilmenite, sulfide (60,07 Ni; 24,07 S; 5,05 Fe; 4,05 Co; 7,37 Cu). The ~ 13C val­

ues for carbon from fluid and bitumoid phases of the hydrocarbon inclusions are -34%0 

and -29%0 respectively (data of E.M.Galimov). Estimates of equilibrium conditions for 

these garnets, based on garnet-olivine and garnet-clinopyroxene geothermometers are 

11 OOt . We can't estimate the pressure, but the presence of hydrocarbon inclusions, regu­

larity of inclusions disposition in garnet matrix and their chemical compositions suppose 

these samples could have been formed by high-pressure (100 kbs) garnet-pyroxene 

solid-solution decomposition. These samples were uprised from the depth of about 260 

kms. 
' 
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DISTRIBUTION OF IMPURITY-RELATED PARAMAGNETIC CENTRES 
IN QUARTZ OF ALPINE VEINS 
Kuznetsov S.K., Lutoev V.P., !gnatov M.I., 
Institute of Geology, Komi Scientific Centre, Ural . 
DivisionJ USSR Academy of Sciences, Oplesnina 2, 
167610, Syktyvkar, USSR 

There are many various paramagnatic centres care­
fully studied in quartz [1] and in rock crystal of 
hydrothermal veins [2]. But it is necessary to clari­
fy the distribution of the centres in quartz veins. We 
have investigated the distribution of basic impurity­
related centres in quartz Alpine veins of one of the 
Ural deposits. These are alurninum smoky colour centres 
[Al04] 0 and germanium-lithium centres [Ge(C}Li] 0 , 

determined the number of important technical properti­
es of quartz. 

The Alpine veins of this region are the dilation 
one and are typical in structure and · genesis. Vei.n 
quartz is white, partly transparent and consists of 
parallel-columnar aggregates. Rock crystal nests lo­
cate inside or in heading side of veins. Quartz 
crystals are present by two varieties, differed one 
from another by radiation-induced colours. These are 
smoky and smoky-citrine quartz crystals. Often the 
nests are surrounded by zones of transparent quartz 
with weak radiation-induced colour. Crystals and 
quartz of these zones are more late as compared with 
main body of vein quartz. 

The investigation was made up by EPR with using 
powder technique. The quartz powders were annealed at 
720°K and exposed to gamma-radiation by Cs-source at 
300°K. Two doses of radiation were used. Dose 100 kGy 
was saturated dose for [Al04] 0 and dose 5 kGy was the 
same for [Ge(C)Li] 0 • Relative content of this centres 
are measured. 

The statistical analysis of full set of data sho­
wed that significant positive correlation between the 
contents of [Al04] 0 and [Ge(C)Li] 0 existed. Average 
values of the centre contents are different in all ty­
pes of quartz. Monotonous rising of the average centre 
contens took place in the next order: the main body of 
vein quartz, near-nest quartz, smoky and smoky-citrina · 
crystals. The average content [Al04) 0 of extreme mem­
bers of this series are differed one from another 
almost in four times, and their variance are no more 
than 30%. Besides the difference between the crystals 
from the nests of various locations is found. The 
crystals of salband nests have more high content of 
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impurity-related centres than the crystals of inner­
veins nests. 

The distributions of the centres in quartz veins 
have space zonning. Crystals and nearnest quartz with 
maximal content of [Al04] 0 are marked. Minor content 
of [AlQ4] 0 is typical for quartz of salband parts of 
veins, except that part where rock crystal nest is lo­
cated. Such situation is typical. 

Hence the rising of content of impurity-related 
centres from salbands towards the central parts of 
rock crystal-bearing veins is found. The late quartz 
(crystals . and near-nest quartz) is rich in structure 
impurities. This tendencies are caused by evolution of 
mi.neral forming media as far as the filling of caviti­
es took place and by quality new state on the stage of 
crystal- forming. 

• 
• 

• 

References: 

1. Wei.l J.A. A review of electron spin spectroscopy 
and its application to the study of paramagnetic de­
fects in crystalline quartz.- Phys. Chem.Minerals 
( 1984), v.10, N.1, p.149-165 
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1'1Il'f S AND lVIIN . ...,,,., PARAGE.NESES OF CHAROITITES AS A 
REFLECTION OF THEIR GENESIS CHARACTERISTICS 
K.A.Lazebnic, L.V.Nikishova, Yakutsk Institute of 
Geosciences, Siberian Branch, Academy of Sciences, 
Yakutsk 677891, u.s.s.R. · 
Our study focuses on charoitites (Ch), peculiar rocks 
containing 35 to 95% charoite, an extremely rare mi­
neral. The Oh have presently become widely known as 
an ornamental gem stone due to their unusual colour 
and peculiar structural-textural pattern. The only 
deposit of these rare rocks in the world is located 
in northern Transbaikalie and is restrict,ed to the 
western slope of the Alden Shield. The deposit is ho~ 
sted by Upper Proterozoic terrigenous, quartz-carbo­
nate series. In close vicinity to the deposit area is 
one of the earth's largest alcalic, potassic massifs, 
the Murun. That the deposit and the massif are geneti~ 
cally related is now recognised by all researchers. 
The mineralogy of the Ch is well studied by now, but 
their genesis - whether magmatic or metasomatic ~ 
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still remains a matter of controversy. We favour a me­
tasometic origin for Oh, which is supported by the f o­
llowing evidence: 
1. Unlike magmatites, the Ch are characterized by ex-­
tremely unstable composition, both mineralogical and 
chemical. Mineralogically, they exhibit all gradations 
from poly- to monomineral varieties. The Ch are also 
chemically unstable and have no analogues in any group 
of silicate mag1nati tes from which they differ much in 
Cao content. In the latter parameter, they are only 
comparable to metasomatic rocks. 

-2. Unlike magmatites, the Ch are also characterized by 
textural inhomogeneity. They typically contain two 
forms of segregations: rounded, widely varying in size 
nodules of relict minerals (quartz, potassic feldspar) 
and newly-formed minerals of predominantly prismatic 
habit. A combination of the above forms, with size, 
colour and amount of deformation varying, imparts the 
stone its unparalleled appearance. 
3. Oh ere primarily composed of minerals which form a 
group of alcalic calcic silicates (ACS) and include 
eight minerals: charoite, tokkoite, miserite, pecto­
li te, kan.asi te, tinaksi te, f edori te, and apophylli te. 
These minerals differ from each other mainly in qua­
ti tati ve and qualitative amounts of alcalies and in 
H 0 amount. All the ACS, except fedorite and apophy~ 
1 ite, are characteristically similar in appearance 
and crystal structure. They present acicular to thin 
fibrous minerals, with elongation period 0~~0.7 nm, 
an.d belong to ribbon-chained silicates. Fedori te and 
apophyllite, like sheet silicates, are characterized 
by lamellar habit. The ACS oft~n occur in regular 
intergrowths with each other, which is suggestive of 
their constitutional affinity. Such associations, 
which consist of minerals of similar composition and 
texture, are not as a rule observed in magmatites. 
4. Determination of the degree of the constitutional 
affinity by N.Z.Evzikova's method using the concept 
of textural looseness leads to the conclusion that 
the ACS which compose the Ch may have come from a 
s ingle predecessor, either wollastonite or potassic 
.feldspar. 
5. Added evidence for a solid-phase transformation 
of material and hence metasomatic origin of the Ch 
is the presence of through cavities or tunnels in 
the structure of ACS which pern1i t free diffusion of 
alcalic cations and water along them without affec­
ting main fragrnents of the crystal structure. 
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INVESTIGATION ON THE ORE PROSPECTING MINERALOGY OF 
• 

GOLD .. DEPOSIT · 

Li Gaoshan Changchun College o.f Geology, Changchun, Jilin 130026The People's 
Republic o.fChina . 

In recent years study has been carried out on prospecting mineralogy of gold 
deposits in TULINGSHIHU of Lingshou county, in Hebei province. Emphasis of 
this paper is placed on quartz and pyrite which are regarded as major gold-bearing 
minerals. Some guidelines for prospecting are obtained, which are described as fol­
lows: In respect of trace composition, the quartz is characterized by: (1) increase of 
A120 3 content increasing formation temperature and depth: (2) positive correla­
tion between the atom number of Al/ (K+Na) and formation temperature of 
quartz, r=0.5 (n=7); (3) negative correlation between the value of Al/ (K+Na) 
arid depth of samples collected, r=-0.47{n=16): (4) positive correlation between 
the atom number of Al, (K +Na) and Au content of quartz, r = 0.58 (n = 12); (5) 
negative coherence between the logarithm of K20 contentin quartz and altitude 
above sea level, r = -0.368 (n = 48). In respect of rare-earth elements, quartz is 
characterized by (according to 6 samples): (1) positive correlation between the val­
ue of La I Yb and Au content of quartz; (2) coherence of rare-earth fractionation 
to gold content, if the fractionation of light and heavy rare-earth elements is 
better, this quartz will be Au-bearing: if the fractionation is not good, this quartz 
won't be Au-bearing. The pattern of distribution of rare-earth in pyrite is similar 
to that of quartz. In respect of the absorption of infrared spectrum, the following 
conclusion can be reached. Firstly, the quartz shows a close relationship of the 
density ratio of absorption spectrum of H 20 and that of C02 in the inclusion of 
quartz to Au content of quartz. Given that D 1 is the relative density of absorption 

. 

spectrum of H 20 and D 2 is that of C02, the D 2 value and Au content shows a 
positive coherence, r=0.759 (n=27). If D 2 =0.1-0.22, the vein of quartz is 
Au-free; if D 2 =0.2-0.41, it is Au-poor; and ifD2 =0.33-0.92, it is Au-rich. The 
positive coherence between the value of D 2 ID and Au content of quartz indicates 
r=0.78 (n=27). If D 2 /D1 =0.l-0.86, the vein of quartz is Au-bearing, If 
D2 / D 1 value is lower than 0.1, it will be Au-free. Secondly, the infrared spectrum 
of powder quartz indicates that, if the peak of absorption spectrum in 

· 2900-3800 I cm is nonsymmetrical, this vein of quartz will be Au-bearing; if that 
is symmetrical and gentle, the vein of quartz will be Au-free. In respect of EPR, 
the positive ~oherence between the density of Al-0- center and Au content in 
quartz indicates r=0.6 (n=47). Finally, we have corrected Maksimowa's conclu­
sion about the indication of pyrite thermo-electricity on prospecting for gold de­
posit. 

• 

S1'UDY ON GARNETS OF SKARN ORE DEPOSIT IN DAXINGAN RIDGE AREA 
• 

Li Henian, Changchun University 
Jilin 130026, Li Xuping, Nanjing 
r1ology, Nanjing, Jiangsu,210009, 

of Earth Science, Changchun, 
Institution of Chemical Tech-. 

People's Republic of China 
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In the Ilaxingan Ridge Hercynian Zone of fold, skarn ore 
·deposits have been wildly discoverde. There are some large 
deposits: Skarn Fe deposit, Fe-Sn deposit, Fe-Sn multimetal1ic 
deposit and Pb-Zn . deposit etc.In these deposits, all the skarn 
are consist of garnets of andradite-grossular series and 
monopyroxene of diopside-hedenbergite series. Garnet is main 
mineral facies in the deposits.The garnets of all the deposits 
have same character. For example, most of them are andradite. 
The garnets of each deposit can be divided ,into thre~ gerlera­
tion: l), fine homogeneous garnets; 2).midcoarse nonhomogeneous 
garnets with fan symmetric extinction under cross crystal 
system; 3). coarse garnets of ring structure, Which are assoc-

. iated wi·th carbonatite.Base on a great deal · of chemical compo­
sition ar1d physical properties by 69 samples that take ·from 7 
ore deposits. There are obvious difference in different 
9eposits.In skarn Fe deposit,the garnets are brown,specific 
gravity: 3.67-3.77, cell parameter: ao =11.98-11.99, N=l.827-
1.843,VHN50=643.9-847.5kg/mm2 , ctlemical composition:andradite 
molecular 69.5 -88.3%,on the everage 76.5%;grossular molecular 
13.2-24.2%,on the everage 18.2%;almandine molecular 0.6-1.96%, 
on the everage 1.57%; spessartite molecular 1.56-4%, on the 
everage 2.6%; pyrope molecular 0.5-2.5%, on the everage 1.27%. 

• In skarn Fe-Sn multimetallic deposit, the garnets are 
mainly green and brown colour, specjfic gravity: 3.709-3.87, 
cell, parameter: ao =12.005-12.05, N=l.827~1.828, VHN50=643.9-
723, cliemical compositi~n: andradide molecular 73.7-90.3%, on 
the everage 84%; grossular molecul ar 4.6-17.8%, on the everage 
12.8%; spessartite molecular 0.6--1.99%, on the everage 1.1%; 
almandine mol.ecular 0.4-2.53%, on the everage 1.9%; pyrope 
6.48-3.7%, on the everage 1.95%. In skarn Pb-Zn deposit, ·the 
garnets is green, N=l.8628 -1.8266, specific gravity: 3.811-
3.893,cell parameter ao =12.025-12.038,VHN50=847-1007,chemical 
composition: andradite molecular 77.5-95.9%, on the everage 

89.22%; grossular molecular 1.9-13.3%, on the everage 5.3%; 
spessartite molecular 0.67-9.23%,on the everage 2,92%;almandi­
ne molecular 0.5-3.49%,on the everage 1.8%;pyrope molecular 
0.05-7.5%,on the everage 1.8%. 

As having been indicated above,the physical-chemistry 
properties of garnets are in relation to its chemical composi­
tion. The more iron in garnet is,the larger its cell parameter, 
refractive index,microscopic l1arden and specific gravi ·ty is . 
The garnets here are different from that have been reported, 
i n those minerals there are more andradite molecular. In the 
garnets of skarn Fe deposit here,there are less andradite 
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molecular,more grossular and spessartite molecular.But in gar­
nets of Pb-Zn deposit there are more spessart.ite molecular,and 

. 

the most andradite molecular . 
. These characters depent not only on thermal liquid compo-

sition, but also on physical-chemistry condition. Higher 
temperature and pressuer is favourable for grossular molecular 
getting in crystal lattice. However, andradite molecular form­
ed under lower temperature and pressure environment. In the 
same deposit, the third generation's garnets contain more and­
radite molecular. The composition of garnets also vary with PH 
and EH of thermal liquid.Base on expermental data analysis,the 
higher the. alkali of thermal liquid is,the easier a.ndradite 
molecular form.For instence,in garnets of Fe deposit: Fe3 +/ 

~ Fe2 +=28.7; of Fe-Sn muiltmetallic deposit: Fe3 +/ Fe 2
+ =34; of 

Pb-Zn deposit: Fe3 +/ Fe 2 +=150. 
We can see, the composition of garnets not orily on ther·mal 

liquid, but also on physical chemistry condition when ore 
deposit is formed. It is very important for studying why 
garnets are formed.(VHN50 - microscopic harden) 

• 

ON THE STUDY OF GENETIC MINERALOGY FOR GANGUE 
MINERALS IN QINGCH-ENGZI LEAD-ZINC DEPOSIT, LIAON­
ING PROVINCE,CHINA 

Li Lee, Shenyan Institute ofGold Technology, Shenyang, Liaoningprovince, People's 
Republic o.fChina 

The Qingchengzi Lead-Zinc Deposit is located in Southeastem Liaoning 
province, China. It is rigidly limited by the lower Langzishan Formation and the 
upper Dashiqiao For1nation of the Proterozic Liaohe Group which consist of 
metamorphic rocks, marbles and schists. The protolith of the metamorphic rocks 

. 

included two parts, i.e. the upper sequence consisting of elastic rocks and 
carbonates and the lower sequence consisting of volcanic rocks and carbonates. 

There are two types of lodes in the ore-field. One is th~ bandded lodes occur­
ring mainly ·in the lower sequence, and the other is vein lodes prodominantly in 
thick carbonates of the upper sequence. 

The ore mineral assemblage is composed of pyrite, sphalerite, galena, and mi­
nor chalcopyrite and arsenopyrite;while the gangue minerals mainly are 

· quartz,calcite and dolomite. . 

• 

• 

Banded, disseminated, laminae and massive structures are found both in lodes 
and host rocks. Characteristically, the silicatization often o_ccurs in host rocks close 
to lodes. Characteriscally, the silicatization often occurs in host rocks close to 
lodes. The alteration is bandded in the width of O. l-2mm . 

In this paper, the author describes the relationship between ore and gangue 
minerals, and features of the gangue minerals which are formed in different physi-
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cal, chemical and geological conditions. 
The quartz of different generations shows some differences in crystal form, 

• 

cell dimension, spatial relation of microstructure, chemical composition,trace ele-
mcnts,contents specific gravity, fluid inclusion and ore forming temperature and 
pressure. 

H20, C02, CH4, N2, Ca2+, Mg2+, K+, Na+, F-, Cl~ has been found in the fluid 
inclusions of the quartz, which shows a wide temperature range, from 90°C to 
414t, but mainly within 160t to 280t. 

• 

There are abundant dolomites and calcites in the lodes. They have various 
forms because they are formed in different genetic types. Recently, the author has 
studied systematically their crystals, mineral components, isotope components of 
carbon and oxygen and so on, and has set up some diagnostic c'riteria on them. As 
a result of different geological agents, some of them, clos~ to lodes have good 
rhombus in form. 0.1-2cm across. 

Organic substances, C02 and daughter-minerals had been found in the fluid 
inclusions of calcite and dolomite. Their formation temperature varied greatly, 
mainly in ranges of 100-120t, 180-200t and 330-360t. 

As for the source of the gangue mineral, the substances came mainly from 
sedimentary carbonates for dolomites and calcites, and that for quartz came main­
ly from submarine volcanical eruption. 

The mineral substances were supplied in the process of submarine volcanic 
eruption and were precipitated in the Langzishan and the Dashiqiao 
Formations.The bedded Pb-Zn lodes were formed in process of metamorphism, 
and the vein-lodes were in the Indosinian when the granites intruded into the 
Langzishan and the Dashiqiao Series. · 

• 

-
COV.WI·l·ITE :A lflll~~liAL lNDlCA'l'l V~ O~' GOLD Al~lJ SIL VB.H. 1VIIN~HALI-
ZATION OF GO~~AN 

Li Liping;Xu Guofeng,Department oi' Ore Deposits,China Um:i­
versity of Geosciences,Wuhan,Huoei,430074,People•s Republic 
of China 

Covellite is an important ore carrier mineral in the subzone 
of oxidation enrichment of gossan-type gold and silver depo­
sits .fhis kind of covellite is always poor in sulphur. The 
covellite wnich is rich in Fe(0.197-0.213%) and Au(910-2850 
g/t) often occurs in gossan-type gold deposits,while those 
rich in Pb(up ~o 2.153%) and Ag (up to 8950g/t) may indicate 
the ex~stence of gossan-type silver deposits.Researches show 
that,given a not very high leaching rate,covellite may stay 
stable in the subzone of oxidation enrichment above the 
phreatic surface,and covellite can deposit as well as enrich 
gold and silver in the leaching solution.So this kind of co­
vellite can indicate gold and silver mineralization of gossans. 

-65-



• 

SOMB TYI)OivJORPHIC CH1UiACTERIJTICS OF CALCITE IN PINGBAO 

u- ~ . I\, POLYfv1ETALLIC MET1\.LLOGEI~IC 13l~LT, SOUTIDJltI'J IillNAN • CIIINA 

• 
• 

Li Rongqing, Hunan I11stit1.1te of Geoloc;y, Ch:-1ngsha, 
IIun·an 410()07, People's Itepublic of China 

Pingbao polymetallic metallogenic belt 

tectonically in the middle part of Nailin 
• 

downwarpii1g region within the northern part 

is located 

meridional 

of lianling 
• 

gigantic latitudinal tectonic zone. Huangshaping Pb-Zn 

deposit and Baoshan Cu-Mo-Pb-Zn-Ag deposit are the 

largest ore deposit in the metallogenic belt. Minera-

lization occurs as veins and bedded veins in the lime­

stone of Shidenzi Formation of the Lower Carboniferous 

System. Calci te·s are abundant as gangue mir1eral in 

these deposits. . 
The calcites distributed mainly as veinlets • in 

orebodies nnd in host rocks, especially abundant in 
the host rocks near orebodies. they wear precipitated 

mainly from later stage hynrothermal fluid. 

The calcites occurred in cavity assume 
• 

crystal druse. The crystal form of calcites 

excellent 

in Baoshan 
generally show ditrigonal scalenohedron or the combi­

nation of hexagonal prism a11d rhombohedral. Sometimes, 
• 

the recrystallized dolomitic limestone yields rhombo-
• 

hedral calcites. In Huar1gshaping, the crystal form of 

calcites occurred in recrystallized limestone is only 

the combination of hexago11al prism and rhombohedron. 
Analysis wear maoe for 30 calcite samples from 

HuanGshapir1g and Baoshan areas. 'rlle calcites related 
to mineralization, occurred in orebody and in hostro-

• 

cks are characterized by higher Mn contents than its 

stratigraphic equivalent ore barren calcites far away 

from ore body. '.rhe f·1n/~1e ratios of the f or11'ler are 1 • 07-
• • 

42.8, the latter are 0.01-0.23. The difference is 
• 

distinct. • 

The total R~E contents of 1.2 calcite samples range 
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from 1.6 to 135.9 ppm. They are decreased 
from or~body and wall rock near orebody to 

far away from orebody. In addition, the HEE 

gradually 
limestone 

patterns 

of the calcites associated with mineralization in 

Huangshaping show obviosly neGative Bu anomaly. 
The intensity of thermoluminescence of the cal-

cites decreases slightly with the nearness to orebody. 
. ' 
The isotopic data suggests that the calcites in 

and near orebody have lower b 13c and 6
18

0 values, that 
. 1 E3 

--18.3; while the calcites occurred in limestone far 
away from the orebody have higher values, that is, 

These characters of calcites, that the Mn/Mg ra­
tios and the total lillE contents j_ncrease and the ther­

moluminescence intensity, tl1e 6 13c and 6 
18

0 values de­

crease towards the orebody, can be used as indicators 
for exploration and prospecting • 

. 

• 

MINERALOGY AND GEOCHEMISTRY OF THE SEDI-
MENT HOSTED LEAD ZINC ORE DEPOSITS IN EAST-
ERN XICHENG METALLO GENETIC PROVINCE 

• 

(OREFIELD), WESTERN QINLING RANGES, CHINA , ol.tfZ 

• 

Li Ying,Department of Geology and Exploration,Xi'an college of Geology 
,Xi' an,Shaanxi 7 I 0054,People' s Republic of China 

In the eastern part of this province are concentrated most metals reserves in the 

Devonian Lead--zinc multimetallic belt of the Qinling mountains,in which exists the 

Super-Large ore deposit named Chang Ba.In the province there are two types of 

genesis,i.e. the marble-schisttype -the Lead-zinc ore (MST) of the 

hydrothermal-Sedmentary,and the silicalite (Shale) type -the Lead-zinc-copper ore 

(Sn of the hydrothermal sediment-replacement. The two ore deposits are possessed of 

the obvious correlatability of mineralogy and geochemistery: 

1. Mineral Association:Among MST, the main ore minerals are sphalerite,pyrite 
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and galena; gangue is quartz (fragments),calcite,mica,feldspar(K-feldspar),etc. The 

characteristic minerals are pyrrhotite,arsenopyrite,niagnet,barite,dolomite,etc. In schist 
• 

there can be seen a few acorite,agustite,sphene,etc. Among ST,the main minerals are 

phalerite,galena and quartz. The characteristic minerals are binarite, 

ferroddomite Sideride,tetrahe-drite-chalcopyrite and a small amounts of barium 

feldspar-barite. 

2. Ore minerals: In the light of color,unite cell (a0),hardness and Fe% ,sphalerite can 

be· divided . into three stages:dark-brown,light-brown and yellow-brown;ao = 

5.420-5.410; its hardness 3.5-2.7;Fe%,9-0.5. In addition,all content of Cd ( <0.5%), 

Mn( <0.05),TL,Ca,Ge,In and Bi is low.Among MST,color is darker and the TL content 

is comparatively higher (3--90ppm). Among ST,color is lighter and the Cd content in 

general is 0.1-0.2%. Hardness of galena all is 2. It contains Ag (0--500ppm),among 

ST,Ag is comparatively rich. Among all kinds of pyrite,the total content Pb and Zn in 

general is higher than 0.5o/o,and among MST,the Pb and Zn content is higher than that 
among ST,but the Cu content of the latter is comparatively higher,Cu > 0.01 % . The 

Ni I Co ratio of pyrite in marble is 3 5; in schist is 1 3,in general in ST is less 3 but 

sometimes it can reach up to 50. The Sb,Ni and Co content of pyrrhotine is higher than 

that of pyrite and the TL content is less. Ni I Co ratio of arsenopyrite is < 1,Zn > 1 °/o (on­

ly two samples). 

3. Altered Minerals: In anchiore wall rock and ore of MST there are feldspar (main­

ly K-feldspar),dolomite,barite,fluorite and tour1naline. In distant ore of ST there is albite 
. 

(early stages hydrother1nal passageway),in ancbiore there is columnar-granalar quartz 

(<>~8+18--+22%o[SMOW]),ferrodolomite and a small amounts of cymrite (a0 = 5.341). 

4. Typomorphic minerals: Those are sulf osalt. The results of EPMAand X-ray ana­

lyses proved that among MST there is boulangerite (Meneghinite), and among ST there 

is tetrahedrite (freibergite) being intergrowth with argentite. 

5. Sulfide <)34s%o [CD]: Among MST,<>34s in. general is higher than + 15%0 ,and only 

Sulfide isotopic exchange between pyrite and galena reached equilibrium. Among ST,t534s 

is +5--+15%o,and between sphalerite and galena was equilibrium. 

6. Fluid Inclusion of Minerals: Its homogenization and decrepitation temperature 

are two stages. Among MST,its salinity is 15-20wt. %NaCl;the high stage of temprature 

hits 250t --350t . Among ST,salinite is 5--15wt.%NaCl,and the latter hits 
• 

200t 280t . The recrystallised inclusion belongs to a high stage,and the primary in-

clusion belongs to a low stage of temperature, I tot 180t. 

Although occurred obvious bysterogenic changes in minerals ,for instance, 

recrystallization,crash and kneaded plication,but those minerals still remained a lot of 

typical characteristics of hydrothermal-Sedimentary( exhalative) genese. 
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THE COMPOSITIONAL ZONING OF GARNET AND METAMORPHIC EVOLUTION OF 

KHONDAL I TE SERIES NEAR ZUOZ I, SOUTH- EASTERN INNER MONGOL I A 

Liu Fulai, Jin Shiqin,Changchun College of Geology, Jilin, 130061 , 

People's Republic of China 

The Khondalite series are extensively distributed in Zuozi, 

Southeastern Innen Mongolia, and two aetaaorphic events are 
, 

recognized within the•. The temperature is 750- e3o·c and pressure 

is 0.9-1.17 Gpa for the first (aain) aetaaorphic event. The 

metamorphis• of early stage in the second event is characterd by 

the similar temperature to and slighti-, lower _pressure than the 

• • 
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f i r s t even t, and the l a t e r s t a g e i s a r o un d 6 5 0 ·c and 0 • 5 7 - 0 . 6 2 Gp a . 
• 

· The widespread garnet phenoblasts in various rock types of the 

khondatite s·eries show . distinct coapositional zoning formed by 

polyphase aotaaorphisa.Regularty ria-ward coapositional variation 

and analogous zoning pattern of Mg, (Fe) and Mn are deterained in 

garnet fro• two saaples of si L liaani te- alaandine-bioti to genesis 
' • 

by means ·of1· energy spectrum. For exaaple, the ria ward 

co•positional • zoning of Mg, (Fe) , Mn content in plane 

c ore s p on d i n g p r o f i l e i n s a• p l e ~ 3 6 2 - 2 a r e i l l us t r at ed. i n 
• 

view and 

Figure 1 

-and 2 respectively. The negative correlation between Ng and (Fe) 

or Mn, and positive correlation between (Fe) and Mn are distinct 

in these Figures.Moreover,Features of zoning well reflect the P T 

path of aetaaorphic evolution in the process of two event. 

The teaperarure produced by garnet-biotite geotheraoaeter in 

c or e o f g a r n e t i s 8 3 o ·c and t ha t o f i t s r i • i s 7 5 0 ·c , b o t h o f w h i c h 
are in granulite·facies. The inf tuence of tater stage in _second 

eventlto compositional variation of garnet is negligible . 
.. 

• 

• 
• 

0 MINERALOGY OF ·IRON- FORMATION GOLD DEPOSIT AT 
DONGFENGSHAN 

Liu Jinglan, Institute of Geology_ of Heilongjiang Province, 48 
Xiang-Shun St, Harbin 150036, People's Republic of China 

• 

Dongfengshan gold deposit is a typical representative of Precambrian banded 
' 

Iron- Formation in China and it was produced by volcanic exhalation- sedimentary 

metamorphism. The auther has examined and studied on the monominerals occured in 
. 

Dongfengshan gold deposit with various methods and approaches. ,It shows that the miner~ 

als and mineral associations not only afford a magnificent spectacle but also provide infor­

mation about the. gold evolution and the guide of prospe~ting on the basis of mineralogy. 

They are the final products of the primary sedimentary enviionment and complicated 

metamorphism. . 

The rock- forn1ing min~rals of ore- bearing beds in the gold deposit mainly are . 

grunerite, cummingtonite (both occupy 5-50% of iron or~), dannemorite (which oc­

cupies 15-50% of gold ore), ferro-pargasite, fluor-arfvedsonite, fayalite (more than 
• • 
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80% of pure iron peridotite) , · eulite (sometimes 30% of iron ore ) , spessartine 

( 15- 55% of gold ore and closely associated with dannemorite ) , almanite, apartite 

(P20 5content is about 1.5% in ore), tourmaline (There are three subpecies that may 

form beded tourmalinite at local part.) , quartz, and biotite. The metallic minerals are 

pyrrhotite, arsenopyrite, cobalt- a.rsenopyrite, cobalt glance, arsenonickel, 

nickelite, nicglance, pentlandite, chalcopyrite, magnetite, ilmenite and native gold . 
. 

The minerals and mineral associations mentioned above have obviously the feature of 

stratabound and are strictly controlled by stripped ferro- formation oxide facies, 

silicate-facies, carbonate facies, and sulfide-facies. The gold and cobalt orebodies exist 

strictly in Mn-bearing sulfide f acies and carbonate- facies. They exhibit like beded and 

lenticular orebodies. The spessartine and dannemorite are main carrying minerals of native 

gold and sulfide and arsenic minerals come next. The native gold always appears as 

irregular granular enclusions existing in the mentioned minerals or intergrowing with them. 

The fineness of the gold is 913. 

The gold deposit as Dongfengshan_ deposit which is conc·entrated of spessartine, 

dannemorite, fayalite, eulite, an(! cobalt glance, as well as the specially existing gold 

is rare in the same kind of gold deposit of the world. 

VERTICAL ZONATION OF LINGLONG GOLD DEPOSIT IN EASTERN .. 
SHANDONG PROVINCE • 

Liu Xing, Department of Geology, Kunmin Institute of Technology, Kunmin, 650000, 
P.R.C. . 

Chen Guangyuan, Sun Daisheng, Division of Genetic Mineralogy, Chinese University of 
Geosciences; Beijing, 100083, P.R.C. 

Linglong gold deposit is one of the top most in eastern Shandong province, which 
has been mined long since Song Dynasty about 1000 years ago or even still much earlier. 
It's hosted in Mesozoic Linglong Granite and consists of more than two hundred quartz 
veins filling fractures trending from NEE to NE with vertical extent of mineralization 
ranging from +700m above to -lOOm below sea-level. In central part of the deposit it's 
cut by NNE-trending Linglong Fault into two parts, namely, the Eastern Hill District 
and the Western Hill District. Its future depends on the nature of the Linglong Fault and 
the degree of denudation of both districts on both its sides. 

However the problem is not so easy to solve as the fault zone is about 200m in 
width, covered by Quaternary system, lying in the same granite with similar quartz veins 
on both sides. The following mineralogical and genetic mineralogical criteria reveal that 
it is an upthrust with the western side as upthrown block and the eastern side as down 
thrown side. 

1. Mineral sequence Postmagmatic mineralization in no11nal vertical zoning here 
can be in ascending order divided into 5 stages, namely, 1. anhydrous silicate stage, 2. 
hydrous silicate stage, 3. early sufide stage, 4. base metal sulfide stage, 5. carbonate stage. 
Stages 1 & 2 (microline-quartz vein and muscovite quartz vein) are well represented in 
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Western Hill District while stage S (calcite quartz vein) is well represented in Eastern 
Hill District. · 

• 

• 
2. Vein wall alteration In Western Hill District feldspathization is strongly devel-

oped while sericitization, silicification and carbonation are weak, fading away downward 
already at 190 m level. In ;Eastern Hill District hydromuscovitization is strongly devel­
oped instead while sericitization, silicification and carbonation are also very strong i~ the 
meantime with the forn1er two double the width at 170m level and the latter one ex­
tending even down to 1 Orn level. 

· 3. Vein distribution Western Hill district is full of single quartz veins with maxi-
• 

mum length up to Skm, maximum width up to 20 m and intervening distance about 

• • 

500-lOOOm. Further more adular-quartz vein is found at 230m level with width more 
than 20cm, while siderite veinlets is less than Smm in width. Eastern Hill District is 
marked by composite and net-work quartz veins with interveining distance 20-lOOm, 
width of adularia-quartz veins is found to be no more than 2cm at 130m level, but that 
of quartz-calcite veins comes up to Sein and even more. 

4. Mineral typomorphism In Western Hill District quartz druses are less developed 
with length I width radio of quartz about 3-6, but growth layers on prisms and 
rhombohedra of quartz crystals are rather perfect. Zr, Ti, Zn are the dominant minor el­
ements in quartz. Homogenization temperatures of fluid inclutions in quartz of stage 3 at 
220m level are 310-350t . Crystal for1ns of pyrite consist mainly of {lOO}and 
{100}+{210}. Their minor elements are rich in Cr, V, Ni, Ti, Zn, Pb, Mo. N-type pyrites 
8.mount to 41.2°/o. 

In Eastern Hill District quartz druses are much more common. Length I width ratio 
on prisms of quartz crystals is about 1.5-2.S. Growth islands are common on crystal 
faces of quartz. Al, K, Ba, Sr, Rb are dominant minor elements in quartz. 
Homogenization temperatures of fluid inclutions in quartz of stage 3 at 206m level is 
250-300 t . Crystal forms of pyrite consist mainly of { 100} and { 100}+{111}. Their mi .. 
nor elements are rich in Se, Te, As, Sb, Cu. N-type pyrites amount to 22.6o/o. 

All the above -mentioned features exactly indicate that Western Hill District is the 
upthrown block and therefore has undergone more denudation while Eastern Hill Dis­
trict is the downthrown block less denuded with more ore preserved down below in 
depth. This conclution has already been proved by further exploration. By quantitative 
calculations of the variation gradient of some physical parameters of pyrite and quartz 
the throw of Linglong Fault is found to be 300m. 

Note: The fmancial support is from the NSFC-4860100. 

TYPOMOR~HIC CH.h.RACTERISTICS OF APATITE IN EAST YUN~AAN 
PHOSPHORITES , 

. 

Liu Yongxian,Ge Dingyi ,Cheng~u college of Geology, 
Chengdu,Sichuan,610059,People's Republic of China 

East yunnan is !e.mous for its ph.osphrus deposits. 
phosphorites exist in . the Lower Cambrian.Since 1987,the 
research group headed by Professor Zeng Yun!u have car­

. ried out a research into the E~st Yunnan Phosphorites. 
It ~s suggested that the phosphrites. in the area are 
of microbial genesis and are class!ied into three gen-

-72-



• 

• 

etic types (Table 1).therefore,it is very important to 
find the typomorphic features of apatite in phosphori­

tes of various genetic types. 
The chemical analyais of apatites in 25 specimens 

shows that thesea?ati~es are of a isomorphous series, 
in which _the (PO-t l'" is supsti tuted by {CO\· F]3

- or {COi OHl
1

• and 
}

1 by { Olil in less or more degree. Based on atom n1Jrober 
oft0:~~] and {Cl in their formula,apatites in this area 
can be classified into four subspecies( table 1) .Between 
apatites in phosphorites of v~rious genetic types there 
are obvious differences in anions,subspecies as well as 
ao and N (Table 1). 

The formation and concentration of apatites in this 
area can be devided into three stages and three genera­
tions ( Tabl_e 2 ). 'v!e have studied the microcrystals form­
ed in e~cl1 generation,with SEM,energy spectra TEM and 
electran diffraction and consequentl,y 1-ound ·that the 

. 
• 

Table 1. · Muin characteristics of apatites 
. - ... c_.- ---. 

• 

Iviain co!i1posi tion t~umber of 
* • wt%) atom ~in -

COa. -H~~ 
. N P4105 Ca.0 }" ot- -- c ao- c. 

- o\-\ -t F • 

- - ·-

36.70 49.fT .z.. ?0 /. 40 1.;io 0 A.~ ,.6. e~o o.3z 9.367 '. z,~ 

I 
. ~ v 

~ 1. 14 ·~2.,, J.f'J , .. ~' "·'' o.3J o .. J5 , .. ,')~ .... 360 1·619 

JI. 
3 5 .. 14 5().0/ J.,, I· 11 0. fJ I i (J.,Z() " .. 41 9. j4.Z. b·g~o l· 614 
~· 7. "6 49 .97 .z..9, 0. ~~I o.7? . , , 

(} .2)) g. ~-~g 6-899 I! 0. I 7 ,. 
~·8. D6 02..26 3 .4() 0.49 oA> f t o. 18 o. 1,t 9. ;67 6.894- 1.6_3/ 

Dl - • 

~·6. 11 +1JI .J.,Z. o .. 6' (J.73 "·"7 "·'' 9. 310 6-f69 J~ojO 
. 

Table 2. the characteristics of apatites in 
• forms • 1cro 

Formation Seclirnentation Diagenes1s 
• 

sta~es 
coccus :: 1 oro u.-:.1 

llli c ro forms spindle radiating 
. -

di arr1 (-; t er o.s 3 ·I 0.05-0.51 
1. 

len[::th (.,um) 
O· 4 3,4 4, 0 10.5 • 

* I JI 

* .Albae-bacterial phosphorites, 
hydroxy-c~rbo-fluor~patite 

• 

~econc .ary 

leachin.s 

botryoid&l 

comb 
s. 0 15. / 
B-2 I 0 ·2. 

1IL 

.Intraclastic phospborites,c~rbo-fluoraphtite 
lowcarbo-fluorau~tite. ' 

.L 

• \~·eathering or secondary leaching phosphori tes, 
fllAO!"'&pati te. 
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micirforms of apatites formed in various generati0ns 
are obviously different and these differences are the 
best typomorphic features of apatites lTable 2) 

In brief,1) the apatites in 1~1gae-bacterial phos­
phorites from this area are all rich in hydroxyl,and 

• 

the existance o! hydroxy-fl~or-apatite is an evidence 
for biogenesis of phosphorites;2)form sedimentation 
throu~h diagenesis to secondary leaching or weathering, 
the (OHr and (CO~ are progressively drived out from ap­
atite,and . the apatite becomes step by step fluorapatite 
with a more stable crystalstructure; 3) a,mong various ge­
netic types and at various formation staE:;es, t.here are 
obvious differences in microforms,erinsi~es compositions 
as well as main subspecies,and these differences are 

·valuable typomorphic features • 

. 

PROSPECTING MINERALOGY OF CHROME MICAS FROM GOLD DEPOSITS 
IN JIAODONG, PRC 

Lu Anhuai, Chen Guangyuan, Division of Genetic Mineralogy, Chinese University of 
Geosciences, Beijing, 100083, PRC 

The tentative classification of chrome micas with reference to the related members of 
the muscovite phengite series is given below in Tab.1. -

Tab.1 Tentative classification of chrome micas 

Classification Grain size Si02% Cr20 3% Si 

Musoovite >0.lmm 41.37 48.42 - 2.96-3.30 
Fuchsite >0.lmm 42.21-47.24 0.27-14.S9 2.76-3.11 

Sericite <o.tmm 46.69-S0.09 - 3.09-3.27 
Chrome aericite <o.tmm 47 .24-S0.97 0.2S-2.00 3.0S-3.30 

Phengite >0.lmm S0.18-S2.29 - 3.33-3.53 
• 

Mariposite >0.lmm Sl .39-S6.00 0.18--0.81 3.39-3.71 

There are two principal genetic types of primary gold deposits known in Jiaodong 
gold fields, Shandong province, PRC. One belongs to auriferous quartz veins filling ten­
sion fissures in Mesozoic granites and Archaean metamorphics of the Jiaodong Group. 
However there is another type of filling deposit found occasionally in parallel with the 
quartz vein. It is represented by auriferous specularite pyrite fuchsite vein in which the 
principal gangue mineral is fuchiste instead of quartz while pyrite is thickly impregnated 
in fuchsite and specularite rosettes occur only sparsely in its geodes (Chen et al., 1989). 

The other belongs to the replacement type, caused by hydrothe11nal replacement 
. 

along cracks in shear zones developed in Mesozoic gtanitoids upthrusted by 
metamorphics of the Archaean Jiaodong Group from the crystalline basement. In this 
type ordinary sericites are by far the most common while the additional chrome sericites 
occur only in large deposits of this genetic type in the principal mineralization stage asso­
ciated with sericite, quartz, ap.kerite, pyrite an:d electrum. 

Crystallochemical f Qrrnulae of the above mentioned two types of chrome micas are 
• 
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as the following. 

1. CXo.,,(H30>:.21N&o.06C&o.01l1.oolAl1.69(Fet20Cro.osTio.osFC:.-04Mlo.01>o.1slu..(Si,.1,Alo.11),01o£(OH)1.210o.4IF...J1.1J 

2. lXG.61(H30>:.JJ1.rJ..Al1.J,CCro.JoMio.09Ft-o.01 Tio..Jo.itl1.tJSi3.1oA1o.~,o.o(OH)13 

3. ~.61(H30~3,]1.oo[Al1_,1(M lo.11Ftv.10Cr0.os T1e . .Jo.Bl1.tJSi3•11AJo.19),01o(OH)1" 

4. lKo.JH,o>; . .J1.oJAt1 .6,(Feo.1,M&.1,M1o.cnCro.oJo-"J1.toCSi,.~lo.1~,o.oC<OH)1.•0o.1,J1.,, 

S. lKo.e(H30~.27N&o.02C1t>.oJ1.oolA11.,3(Fec,.1,MJo.ocCr0.03)o.2'J1.,,CSi3.~1o.ts),01JOH):i.1, 

6. lKo.?JH,o>:.29c&o.0111.ooCAl1.61(Feo.11Mio.CMCro.02 Tio.01>o.JJ1.1s<Si,.otf\lo.t1)401J.OHh.c 

7. CXo .• CH,O)t,,Nao.02C&o.ml1.ooCAI1.41(M&o.11Feo.06Cro.osNio.01>0.JJ1.12<Si3,13A1o.r,),01J.OH)2.JS 

8. CXo.t1CH10~.06N&o.02C&o.0111.oolA11.stCFeo.1sMlo.10Cro.02 Tio.o:Jo.isJ1.11(Si3.21AJo.,,),01o(OH)u, 

9. CXo.,.<H,O >;.OIN &o.01l1.oo£Al1.11 F Co.oeMao.osCro.02 Tio.01Nio.01MDo.01>0.1al1.9'(Si,.2AA1o.1~.o1ol(OH)2.0J00.alus 
I 0. CXo.nNao.o,<H,o >:.02C&o.0111.oolAl1.'3CFeo~1o.1.Cro.02 Tio.o1>o.,,J2,02(Si3~1o.1s>,o.o(OH):i.02 

11. fKo.t4CH,O>t.osC&o.0111.oolAl1.JFt.o.22MJo.1,Tio.02Nio.02Cro.e1>o.,1l1.t1(Si,_11AJo.1,),0,o(OH)u, • 

12. CXo..,<H,0~.01N&.o.04Cao.oi11.oolAl1.11<Feo.1sM1o.13Cro.02Tio.oJ..J2J113(Si,.aAJo.rJ,01oCCOH)1MOo."11.97 
Note: No. 1 from the filling vein type, fuchsitc and No. 2-12 from the hydrotheranal replacement 

type, chrome sericite. 

The presence of Mg, Cr, Ti, Ni in M(VI) together with AI(VI) reveals that part of 
their material is derived from the original dark constituents like biotite and hornblende in 
the arnphibolites of the Archaean Jiaodong Group nearby which is the source rock of 
gold in the region. 

As to K in chrome micas from Jiaodong gold fields, it is less than 1 in consequence 
of the isomorphic replacement of K by H 30+ indicating that they are fromed under a 
condition rich in mineralizers. 

Their typomorphic features are given in Tab.3. They are good indicators for tenor 
and extent of the gold deposits. . 

Tab.3 Typomorphic features of chrome micas from gold deposits in Jiaodong 

Genetic type of deposit Filling vein Hydrothermal replacement 

Mineral Fuchsite Chrome aericite 

Colour Emerald green Emerald green to green 

Grain aize(mm) o.so 0.1 to0.002 

•o(A) S.2C6 S.139 to S.204 

b0(A) 9.0SO 8.796 to 9.018 

C0(A) 20.250 19.981 to 20.126 
• 

Polymorphy 2M1 2M1 to2M1 

Lou of H 20 in TGA(%) 1.SO to 2.93 • 

Cr203(~.) 0.99 2.00 to 0.2S 
. . 

IC. O.S9 0.60 to 0.94 
H

3
0+ 0.28 0.40 to 0.02 

M(VI) 2.04 , 1.66 to 2.13 

Tenor ot gold (g I t) nx 100-nx 10 nx 10 ton 

Deposit Sanahandao Jiaojia 

Cr20 3(%/m) o.os 0.02 
Typomorphic gradients of IC.(1 Im) 0.03 0.01 
horizontal • • for vanation 

H 30+(1 /m) 0.01 chrome sericite (per meter) 0.02 

M(VI) (t/m) 0.02 0.003 

Extent I,arge Large 

Note: The fmancial support is from the NSFC-4860100 
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'TH~ AlJ1tA~IU1~ CHA1tAC'l'.Eltl0 1l'IC~ Ult' DIAdl'OH~~ IN BAUXI'rB AI~D 

'l'llEllt REliULAli ENliICfll•1cl~ '1' lJ f\l' :l'~ili~ 

LU Xia., fienan Institute of· I~on-Ferrous Mineral 

and~Geology, Zhengzhou Henan 450052, China · 

Resources . 

Bauxite in China is mainly in diasporic type. In the 

paper,the regular enrichment pattern of diaspores of sand 

and · soil bauxite has been studied frow mineralogical side-
• The sand and soil bauxite is the richest ore in va-

rious bauxite. It is known, they only occureQ in karst 
• 

. dolines, In vertical, they are always the lower parts of 
• 

·bauxite ·bodies. Because illost of ·their l>o<l ies are very 

thick,they possess uniform texture and massive structure 

and not have bedding, some experts have considered that 
this type bauxite was formed by leaching a11d losing Si 
and autochthonous Al residures accu1nulated. 

Bauxite in Henan, Guizhou and Shanxi provinces has 

been studied in detail with scanning electron microscope, 

A·braded diaspores were discovered in different t~xture 
• 

oauxites, especially in the sand and soil bauxite • . 
• 

In t11e electron microscope photographs, you can see 

it clear that sand bauxite is made of column crystals of 

diaspores that they are wore uniform size from 0.02 to 

0.1~11; soil bauxite is made of needle and long board 
• 

coluilln crystals of diaspores.Irregularly piled up toget~ 

her v.'i th a few heavy 1ninera1s·, it forms the typical grain­

supported. It is steady flow deposition. 

The most of crystals of di~spores in the bauxite were 

abracied. The abrasior1 traces of." rli;-;ispores are clear. Some 
crystal faces were dailleged, some edges and corners were 

abraded away. Surfaces of diaspores char1ged rough. Some 
of diaspores are subrounded and rounded. 

These abraded and collided traces of diaspores show 
. 

• 

that they were C::i1·ried f~ro.m la.rid to kars t depositional 
. . 

. basin and prove that the sand and soil bauxite was .allo-
• 

genically clastogene devosit. Through study on mineralo-
• 

• 
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gical characteristic of the bauxite,~he concentration of 

i aspores in the sar1d ar1d soil bauxite dues to gravity 

separation of minerals in water. 
·According to above facts, I infer origin of the sand 

a nd soil bauxite below:Priwary clay or lean bauxite dis­

t ributed in palaeoresiduutu was weathered, diaspo~es and 
clay minerils were carried by water from higher to .lower • 

• 

hen they went into karst basin,the water speed would be 
slow down. First, in water diaspores with .heavier' speci­
fic gravity sinked to the bot tow of karst basin or doline 

and made up sand or soil bauxite. Then some smaller dia­
sporic grains and some clay minerals went down on the 

sand or soil l>R.uxite a11d foru1ed lean ba.u·xite. Finally, 
clay minerals would slowly deposit. If a karst basin or 

• 

doline was very deep and the water mixed diaspores and 

clay minerals went continuously through above it, the hea­

vier diaspores sinked constantly down. With diasporic 

concentration, the sand or soil bauxite body would get 
• 

thicker,, but lighter mineral~ were drifed away by water. 

THE DISTRIBUTION OF THE SERIES OF Au-Ag MINERALS AND 
THE CHARACTERISTICS OF Au I Ag IN GIAPIGOU GOLD 
DEPOSIT ON HUADIAN, JILIN PROVINCE IN CHINA 

LUO Hui, SHEN Baofeng, PENG Xiaoliang, WANG. Wenying Tian.in Institute o.f 
Geology and Mineral Resources. CAGs,· Tian.Jn, 300170, People's 
Republic of China 

· Giapigou gold deposit in Huadian, Jilin province, being distributed in the 
Archean granitoid-greenstone tcrrians of the northern margin of the North China 
Platform, a large one, belongs to the type of the gold-bearing guartz veins. The 
host rock is mainly the mafic volcanic rock with ultramafic rock band. The ore 
bodies arc controlled by the NW trending ductile shear zone. The mineralization 

• 

epoch is the early proterozoic era. 
The main gold-bearing minerals in the deposit arc the series of Au-Ag ones 

which consist of 91°/o native gold and 9°/o c1cctrum. The native gold occurs in three 
types: !)occurred in the crack of pyrite and quartz. 2)includcd in pyrite and quartz, 
or being absorbed in the adgc of the minerals. 3) u1tramicro gold in pyrite and 
quartz. The particle of gold that the size varies from 0.1 to 0.5 µm are distributed 
in the crystal face of the mineral. Among the three types the first is important . 
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The shapes of the native gold are obviously controlled by the spatial form of 
the distribution of gold. The composition of the native gold of 43 samples were de­
termined by electron microprobe analysis. The results are summarized as follows: 
Au, 75.44 to 99.11 %, with a average of 91.3°/o; Ag, 0.59 to 24. 13% (most< lOo/o), 
with a average of 8.01 % . The distribution of Au and Ag in a single native gold 
from the centre to margin is homogenous and the ratio of Au I Ag is relatively 
constant, indicating the stable condition of the mineralization. Howe.ver , the 
Au/ Ag ratio of the native gold varies obviously in spatially. There are two kinds 
of trend for the Au I Ag ratio to vary: 1) discontinuous variation. On the whole, 
the Au I Ag rat.io can be divided into four regions: the first, 3.13-5.69; the second, 
8.93-20.31; the third, 29.98-49.98 and the fourth, 65.92-86.93. The samples of 
60% are fallen in the second region. The discontinuity of the ratio of Au I Ag is 
the result of superposition of multiple mineralization. 2) The Au I Ag ratio of the 
native gold increase gradually from the top to the bottom of the deposit. The i11-

creasing trend of the Au I Ag ratio may be the effect of temperature. It is remark­
able that the native gold from the different depth is of the multilayer texture of the 
Au I Ag ratio. Statistical treatment of the data of the mine reveals that the varia­
tions of the ore tenor and the thickness of the ore body in depth are similar to that 
of the Au I Ag ratio. As a result, the variations of tht! Au I Ag ratio in the native 
gold are important for the exploration. 

MINERALOGICAL AND GEOCHEMICAL CHARACTERISTICS OF THE BAUX­

ITE AND IRON ORES FORMATION IN THE WEATHERING CRUST ON -
CENOZOIC BAZAL TS OF VIETNAM 

Dr. Mai Trong Nhuan, Department of Geochemistry, Hanoi State University, Vietnam 

In Vietnam there are three geochemical types of weathering crust on cenozoi~ basalts 

- ferite, feralite and ferosialite. The profile of the ferite and feralite weathering crusts com­

poses of 3 zones - ferite (feralite), ferosialite and sialite (saprolite). The ferosialite weath­

ering crust proftle losses the upper (ferite of feralite) zone. The ferite and feralite weath­

ering process (WP) could follow 3 stages - saprolitization, ferosialitization, feritization (or 

feralitization). The ferosialite WP consists of two stages - saproliization and 

ferosialitization. Each of the weathering stages is characterized by the f or1nation of defmite 

mineral association and element removal. 

In the course of the WP of the bazalts, the chemical composition of minerals in the 

weathering crust is simplied, quantity of silicate minerals (pyroxep.e, fendspars, kaolinite 

... ) decreases, number of oxide, hydroxide minerals (goethite, hydrogoethite, gibbsite, 

boehmite ... ) encreases. Gibbsite, boehmite and alumogoethite are fo1med only during the 

feralite weathering process of the bazalts, manganit - only during the f erite WP. 

In the course of the WP of the. bazalts, the quality and quantity of removed material, 

the degree of removal and mo_bility of Na, K, Ca, Mg, Mn, Ni, Co, Pb, Zn, Cu .... increase 
-

a:nd have the maximum value in the ferosialite stage, then decrease in the fmal {feralite) 

stage. At the same time q~antity and degree of bringing and concentration of Al, Fe, Zr, 
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Cr, Ga ... increase and have the maxi•num value in the feralite stage; The correlation, 

geochemical association and differentiation of chemical lements, geochemical structure 

and formula of the weathering products are more and more complex. 

The Na, K, Ca, Mg and Si removal, the Al bringing in the feralite WP and the Fe 

bringing in the ferite WP are the most intensive. So the feralite WP leads to the formation 

of bauxite, the ferite WP to the forrnation of brown iron ore. 

M10RPH()LOG. ' FEAr.Hl.JRES 
tJF I.J<.)NSDJi:I, EI 'T'E-<~ 1 lt,l'r A f NI NG DI A MONDS 

Wr].t.t.en bv Ann V. Mer1ner. 
• • 

Copyri.qht CC) 199() IGFM, 
A~~d~my of Scienc~R of USSR, 

Mc1f)f'?.Ol-7' , St .. :. rorrJor1e:t.ny 3 f.\, .1 (l9f)1 7. ll~3SR . 
• 

I.) l~ i 11 t . ~ <i .:t r1 d e d i t . e d b v A . I-I .9 s e r . 
• 

We d 1 f> \.ran l . 9 9 (~) . 

• 
• 

Tht~ invest.igat.ic>ns c,f rr1c>rphol.ogy of l(Jl.lsclaleit.e-
c on ta i n i ng · l i a rr1 <:> r1 d gr.~ ~ r1 ~ we re c .:=t r 1 .. i ~cl o u t. w i t !1 tl s i r1 f!. 

• 

optical pho ·t0mic1~nR~ope of Opton firm and JEM-JOOC 
StJann5.ng e .1,ectrc>rt mi. <·~rt:lSCOl.,E! C>f '-Teol fi1~m. 

• • 

r.Js ing X-1~ays met.t1::)rls < f.Jat1e rr1etr10(.i : RKOP--~~ 
• 

camera, Mo-racjj_.:t·t i0r1, l~-14 r1c11.trs exposit.ion; .~ncl Debay 
metho<l: BKD-57 carrJe1'.:1, Fe--r·.9rJj at.ic>n. 8 hc>t1rs exposi tic>r1 
) polycryqtalline and po .1 :1J·irt .:tse f.>trt1ct.tlres (lf grair1s 
were f ottnt1. Tr1e t':!ll hi. c cj ·i t:1 n»c,ricl i:>rt c• se prevails in a 11 
specirr1ane; the cont.t=~11 t. c>f l or1fJda ·lei te ph.:.se rr1ay rectch 
4 (t% of 1 igh t ·-cc, 1. (Jl l rerJ p~ r<-t j rl s . 

. ·Graphite phaE:e wai discovered along with 
lonsdalei te ar1rl dj.;:--trr1c>r1c1 l~> 1 .> t. r1 ir1 ci::tt .. k-colotlrf~cl grainE~ 

• 

and i r1 1 ;i. g h t - c (; l. <9; l..l r (~ rl c. ·,~, e s < ·~ \ .. ) r1 ·t . .:.. i ri i 1·1 g b l a ck j_ n c 1 tl s i C> r1 s . 
• 

The diamc;1·1s sl·1()W opt: i,-;.:11 ar1ysot.ropl1v ·with wave, 
or block ext.ir1ct.io11. 11 t1e l.i.ght-<'~oloured sarr1ples r1ave 
o rangE)-;r~d (~ o 1. \:)l.t l ."'e; () f .l •.irr1 j r1 i. F~ ct:=Jnce . Tl1e g 1"'a. ins s i z-e s 
va.t'Y frc:>ll'J f). 1 1 .. Cl 1. f) rr1m ( . t.t1e I>l'edomj_n<:1t.ing sizes are 

• 

0 • 3 - 0 . 4 rri m ) • 
• 

Basing on morph0logy fe~tures of investigated 
diam6r1ds . t,hey ( i.e. d i .. :.mc>r1cls ) may be ref er1--ecl tc> sc>­
cal led ~'ahale-1. i.ke··. cl1 amon<t· t~1pe. encc>tlll(led j_r1 cJ~astic 
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deposits in (JSSR. They lot:,l~ l].ke peaces of flat.tened 
grains composecl Clf paral. l~l int.ergrown plat.es.. The X­
rays data oht .. ~ inecl cl1_1ring c•1_1r r~search shc>w that the 
flat surfaces og grains are formed by (111) planes of 
diamonds cryst.~·tllir1e ·s. It was r1ot.icecl that tr1e sing]_e 
blocks of plat.es trJ.~Y t>e t.t.1rr1e,:l one t(J anc>t.her. on 10-500 
corn e r . 'I' t1 e · · s ,., a 1 <~> w ta i 1. • • t . w i r1 s r1 f=A v e bee r1 rr1 et. a 1 so . 

Some flat.ter1f~d ir1tergrowir1gs have appearense as 
flat octahedral t.ri.ar1gl.ll.ar C()nt.01.tred crist.a l.s. Their 
side fao~s are r1c>t c1")1 sta l lc>rgapt1ycal ly expressed and 
have coarse-layered relief. Some other grains have 
either hexagonal_ or pc)lygonal contc>urs. 

The grainB sl.1rf.:tc.!e rr1ic~1 .. orelief j.s complicated by 
pla·stic deforrr1ation struct.tt1--ef; ancl corrosion c}nes. The 
deformat.ior1 st1--t1ctttres a1·e f;t1own ]_j_}{e steps, se.3ms or 
combs or1 the di:3mc>r1cl s1.1rf.3~~f.;. The c>rientation of this 
structures make two or ~hree directions systems. Almost 
a 11 g r a J ri s c a r r y t r1 e so l l1 t i. ( ) r1 ·t r a c e s . 

The su1"f.:=tt;e i--e 1.ief f~cit.1.lres are due t.o formatior1 
of numerous corrosional pits, complex channels system 
and various positive forms. 

The inter·nal heterogAneo11sness of rli~monds is 
displaye\.i hot.h i.n d1spropc,t-. ic,na1. dissol•lt.]on of thei.r 

• 

surf aces ·~11d p1·0rl11c i ng of rl i t"P.0.t. 1 y or i.en t.e<i pc> l. yhed ra ]~ 
s 0 111 t i 0 n t. r1 j . 1 ] E~ • I • 

Th e . co a r s A s c t 1 l pt t l r P. () n t. h A .g r .:::. j r1 s f~ tl r faces i. s 
explained as t.l1e reRtl]t. oft.he g;,s-<;Ol"r<">Si.on processes 
effect during t.he pc)st,c1·i st.«:'l l 1. is~t.i.<-,n.:t .l. pe1"iod. The 
fine sctt .lpt.tlre of i.nterna1. s0l.t1t.i..or1 channels walls is 

. 
u nu s u cl 1 . They have t. }·1 e f i tl P-g l o l) tl l ft r n Cl r1 s t i t 1.1 t, i. on w it h 
the globuJs 1.1nit.ed in t.r1jr1 fil>l"'As, whi.ch are reguJ.arly 
o r i en 1:. e d on t., l1 e. f ] a t . s tl r f :=t ~A s . 

The s11cr1 mic~rr1relief r~l~merat.s are supposed to be 
the newforms, t.}1at. st1hstit.11t.e. t.r1e cryst.al.s corrosion 
def ec1:.s. 

EXSOLUTION O!'ERS OF ILME!Nl'l-E PLACERS AROUND THE BAY OF 
BENGAL Alm THEIR GENEl'IC RELEVANCE. 

S.Mitra and S.Ahmed, Department af Geological Sciences, 
Ja.davpur University, Calcutta-700032, India. 

Exsolution features in the Fe-'l'i Oxide phases were studied from 
the beach sam les collected from four sectors around the Bay of 
Bengal (Fi .1 : Cox's Bazar (CB),Bangladesh, in the eastern sec­
tor; Digha D) and Puri(P) in the northern sector; Pondiohery(PD) 
in the western sector and ~akwnari(K) in the .southern tip. The 
exsolutions are classed as : (A) ilmenite - hematite,(B) magneti-
te - ilmenite, {c) hematite - ilmenite - :rutile, (D) hematite -
rutile (E) ilmenjte .. rutile, (F) magnetite - ilmenite-spinel 
a:nd _{G ilmenite-spinel. The unexsolved. ilmenite cont~nt in CB 

• 

-80-

• 



(45%) are si ·ricantly less compared to other a?'eas (P=9CJ}b, Pih 
8CYfo, K = 85% • 

The eastern sector (CB) is rema:rlcably enriched in exsolutions 
( > 50';6 of which type (A) is dominant (70-so:>;6), followed by (B), 
(C), (D and (E) ; but others are non-exi stant. In (A) type , the 
microscopic modal analysis shows ilmenite : hematite ratio to be 
about 70 : 30. The oominon exsolution products are lamellae of il­
menite (or hematite)in hematite (or ilmenite) host with bjmodal 
distribution. The early generation lamellae were f o:rmed at 700°c 
fast diffusion process and the fimr o s formed at later stage 
of crystallisation by slow diffusion at 500-600°0. As no pseudo­
brooki te is found in CB it mey- be presumed that the temperature 
of the ilmenite crystallising environment was less than1000°C. 
Enriched ilmenite ( > 859b ilmenite88 ) exsolves continuously while 
ilmenite with greater Fe2o

3 
content exsolves discontinuously1. 

The latter type mey produce bimodality in a type environment as 
is reflected in the samples of CB. (A)was formed in a more 
oxygenated part of the basaltic fraction in the upper mantle, 
which was tapped during 110 + 5 m.y. at the early phase of vol­
canism as Sylnet-Rajmahal tra:p in the eastern India as a prologue 
to the Gondwana brE!'ak up leading to the massive Deccan volcanism 
in central India. 

T (A) shows various textural patterns viz., seriate (most 
common , emulsion, granular, triangular and graphic text1Jres. 

57Fe Mossbauer spectra of ilmenite concentrate from CB show 
il enite Fe2+ doublet (at RI.', I.S. = 0.97 rnm/sec.,Q.S. = 0.68 
mm sec ; at 100 K,I.S. = 1.09 mm/sec., Q.S. = 1.01 mm./sec, 

superimposed on hematite Fe3+serlet (at Rl', I. S.= 0.34 mm./ sec., 
Q.s. = 0.39 m1n./sec., bf · = 487 -Kee; at 100 K,I.s. = 0.41 1mn./ 
sec. ,Q.S.= 0.39 mm./sec., bf . -= 512 KOe) with a ratio of 28 : 72 
corresponding to the optical modal data (70:30). XRD and wet 
chemical study also support this. The Mossbauer spectra substan­
tiates the predominance of type (A) but almost obsc1Jres ·ttie pre­
sence of other varieties.All Indian ilmenites show considerable 
leaching effects and alterations (70-8<Yfe) Md have higher con­
tent of titanium than CB ilmenites (36-4CY,"6 TiO ). 

In contrast to CB samples,ilmenites from o~her areas show 
significantly lesser 10-2(1)6) content of exsolutions. In these 
areas· (B), (c), (D), E), (F) ard (G) types of exsolutions 
dominate as much as the (A) type (dominant in CB). 

Beach sanis of CB are derived from the rocks of the eastern 
Bangladesh highlands2.The ilmenite and other opaques,however, 
were contributed by the material carried from the northern pa~t 
of the Bengal Bas:in covered by Sylhet - Rajmahal basl tic trap 
rocks. During the Himalayan orogeny th.ese traps sagged to form 
a part of the Bengal Foredeep, sediments of which ma(Y be car· 
ried far down into the tertiary basin of the Bay of Bengal 
sez'Ving as the repository of sediments carrJingheavies from · 
the Sylhet Trap basalts. 

The ilmenite of other placerswere mostly derived from rocks 
. -
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1. K'--cetchsmar, U .H. 
and R.H. McNutt 
(1971 ). Can.J. 
Earth Sci., 
.§, 947. 

2. ~litra,s. and 
s.s.Ahmed (1990) • 
J .Ge.ol.Soc. 
India, (in press). 

• 

PROBLEMS IN HIGH-REDUCED AND HIGH-OXIDATED MINERAL 
FORMS. . . 
~JI.I. 1~ovgorodova, IGEI\i, Academy of sciences of the 
USSR, Moscow, Staromonetny, 35, 109017, USSR 
In the space of ten years mineralogical investigati­
ons showed that i·t- is possible for l·nost of elem.ents 
to be in na.ti ve st'-te in nature. lJati ve metals v1ere 
founded .among of lytophilic elements ~ (S~~, . ~Al;: :Mg,: Ti), 
more wide becorne li·st Of '3haleephill:o l. and syderop11i­
lic elements observed in native forni in native (Cd, 
Co, !virJ., C~c -, Re, In) •. 
As estimated, high-reducred mineral ··· phases are p·re­
sent in a small quantity in magmatic, sedi.mentary, 
metamorphic ·rocks .and in ores of dif~erent ty-pe1 
mostly ·in gold deposits. Formation of high-reduced 
mineral forms is connected with reducing fluids rich 
in hydrogen and hydrocarbons. . · 
There· are carbides, ~iliei~es, rare phosphid~s and 
car·bon in fo.rm of grafi te and· ea:rbon matter ·"that. is 
considered as -fine-grained disordered mixture or · 
polymorphic compounds of carbon, natural elemento~ 
organic compounds and hard .. polymeri·c hyd.rocarbGfis, 
in paragenic association With native metals. The · 
associations are formed by de.compo~ition· of volatile · 

. elementoorganic compounds that are considered as · .. 
migrating forms of- oreformj,ng elements in endogenetic 
processes. · As by-products there are sulfur·; halogen, 
hydroxyl ~nd water groups so native metalls and 
carbon are accompanied by micas, chlorites, hydroxi-
des, oxides, sulfides. etc .. .. · 
Just as immediate crystallization is jmpossible for 
.a number of well-and low .. crystallised phases so idea 
of its formation in result of activity of reducing 
fluids of system C-H-0-N was suggested an. 
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s supposed, such fl~id.s may be produeted ·at diffe~ 
ent depths Within of upper ·mantle and _earth crust. 
~ransfo:mation of H o-co2 fluids in reducing ones 
is possible in res t of action of flows or H and 
CH connected With deep degasation of earth . &1ong 
ma n breaks within of reftogenic zones. - · 
There are p~oduced proofs, that in local parts of 

. 

earth crust ·r1uid systems ·with ·crystallisation o~ 
some minerals · by VIB-way are possible. · · · 
In addi t 'ion to aeep~form.ed ·--- flows · of reoucin.g· gases 
tliere are· also migration at enri~e:9" Qf .. ·ongen--· gases 
along--· penetrabl_e zones· of breaks·· ana· ·draining system 
of · vadose waters· int:o endogeni.c mineralfor1ning 
system. · · · · · · 
Increase of oxigation potential due to mixing of 
hydrote1'1ns and ·vadose waters lead to formation of 
urtusua1 · m1neral associations with high-oxidated 
elements in ·composition of minerals. As _ exsa.mple of 
it may be consider associations of · native gold with · 
carbonates and tellurates · of bismutile, wide·spread in 
endogenic gold ores out of the zone of hypergene 
oxidation~ · · · - · · · · -· · · · · · .. 
Interaotion-- or· reducing · r1uids with atmospheric gases 
which penetrate from ... sti·rfaee · by -fracture zones · 
sometimes ~lead to i ·oca1 -- explosions~ tha·t are accompa­
nied by·- torination o:f -minerals · in high temperature­
and· pressure gradient co~ditions. Exsamples of this 
phenomena ar showed. 

HYDROTHERMAL-FLOTATION MECHANISM OF GOLD-ORE SHOOTS AND 
BONANZAS FORJviA.TIO~J,, 

Nikolai s. Ostapenko 
• 

Amur Integrated Research Institute Far East Branch of the 
• 

USSR Academy of Sciences, Relochniy 1,Blagoveshchensk, 
675000, USSR 

Veins of filling in gold deposits are characterized by 

variation in thickness and extremely irregular distribu-
• 

tion of native gold,as _well as by gold ore shoots and 
-

bonanzas. In different deposits gold majanly concentrated 

durj.ng one of the interinedi.ate stages of ore-forming 
processes, besides gold concentration extended over con- · 

. 

siderable time interval. It is confirmed by the fact,that 
gold particles show different composition,and the varia-
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tions in fineness range up to 100-200°/ 00 The parts of 
• • 

vejns adjacent to selvages,as well as their upper layers 
are enriched in gold .compared to other parts.Usually,the 

• 

gold enriched port·ions are steep shoot~like bodies.Th~y 
are confined to swells,particularly their upper por·tions, 
also to the wall rocks framing the middle-seized veins 
laterally and from the top. 
For the Amur Region deposits the absence of substantial 
vertical temperature gradients in veins in the gold-for­
mation processes has been established.Unlike those in 

quartz, the inclusions in gold, though posessing stmilar 
composition are either saturated with gases or purely 
gase9us. It's worth mentioning,that native gold belongs 
to the group of hydrophobic mjnerals and posesses natural 
flotation properties. The proposed data bring to a conclu­
sion,that the main factor in gold-ore fo11nation is rather 
pressure than temperature. Intermjttent opening of ore­
hosting fractures is supplemented by pressure fluctuations, 
resulting j.n repeated phase differentiation and oversatu-

• 

ration of fluids with such components as gold and gas.Con-
sequently, there formed conditions for newly originated 
gold particles flotation owing to rising of gas bubbles 
which resulted in concentration of gold in the above men-

- . 

tioned portions of veins. 
The author holds that hydrother.mal-flo~ation mechanism ac­
counts for the origin of higher gold concentrations in 
veins of filling and stockwerk zones within deposits with 
different depths,but particularly it is true in cases of 

' shallow vein deposits.The arguments in favour of this me-
chauism and some evidence to illustrate its work are given 

. 

in the paper. 

Typomorph~c Properties of Sphaler\te as r·ndicator of 
forming Processes 

• 
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--. v. Otkhmezuri, R.A. Akhvlediani, R.T.Rodona\a,Djanelidze 
eological Inst1tute of Academy of Science of Georgian 
SR Zoia Rukhadze Str. 1, b. 9, 380093 Tbilis1 USSR 

• 

1. typomorphic properties of sphalerites are 
i nvestigated at Lead-zine deposits and ore manifestations 
of the Kvaisa ore filed (Georgia USSR). They are situated 

• 

on the Southern slope of the Greater Caucasus, confined to 
t he system of parallel E-W trending faults and are 
Localized in Middle Jurassic basaltoid volcanics and Upper 
J urassic reef Limestones.Ore bodis represented by veins, 
veinlet-\mpregnated ores of stockwork ·type and metasomatic 
Lodes. The ores are built of sphalerite, galena, calcite, 
quartz, barite and some rate sulphide minerals. Sphalerite 
i s predominantly of cleiophane type Li9htbrown and 
Lightyellow. Kvaisa sphalerites are characterized by 
colloform structure. 

• • 

2. Statistical distribution of 1zomorphic admixtures 
of Fe (from 0.08 up to 5.2 weight %) ,Mn (from 0.02-0.29 w 
% ) and Cd (from 0.05 to 0.304 w %) in Kvaisa sphalerites 
exposing rather complicated relations,unsubmitted to the 
rule of normal distribution, it proves the heterogeneity 
of mineralforming system, determined by heterogeneous 
composition of country rocks influencing the 
mineralforming regime. 

• 

· 3. Sphalerites, studied structurally, apart from . 
purely cubic polytypes constituting 35.3% of total sum of 
excerption are represented by mixture with rhombic 
P o L Y t Y P e R 15 ( 6 0 . 8 % . ) a n d a l s a r a t h e r s e L d o m b y R 9 ( 3 . 9 % ) 
polytype. It is stated, that small admixture of main 
izomorphic elements up to 6% has insignificant effects on 
sphalerite Lattice parameter (from 5.4050 to 5.4056 ~ ), 
and increase in admixture sum causes the increase of the 
parameter up to 5.4090 ~- It may be expressed by the 
following regression formula a =S ·.4039 +0.005655 Mn 
+0.0051 Cd +0.000276 Fe . . 

4. Calculation of thermodynamic conditions of ore 
formation, based on distribution of isomorphic admixtures 
and structural pecularities in comparizon with the date on 
f Luid inclusions enabled us to state, that the mineral 
formation of Kvaisa deposites had taken place under 
moderate and Low temperature condition in 320-200° c 
interval,at pressure of 0.8-1.2 K bars from the calcium­
hydracarbonate-sulphate solutions at pH very close to 
neutral with the value from 6.3 to 8.8 and sulphur 
f U 9 a C ; t Y - l 9 f Sa, - 6-9 . 

EPIDOTE: AN INDICATOR OF PALEOCONDITIONS OCCURRING IN 
·---~ 
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THE FOSSIL HYDROTHERMAL SYSTEM OF SAINT-MARTIN . 
Patricia PATRIER, and D~niel BEAUFORT. 

Laboratoire de Petrologie des Alterations 
Hydrothermales, URA 721 CNRS, Universit~ de Poitiers, 
40 avenue du Recteur Pineau, 86022 Poitiers cedex, 

• 

Fr .. ance. . 

The geothermal field of Saint Martin (Lesser 
Antilles) emplaced during the thermal evolution 
subsequent to the intrusion of a 30 MY old quartz 
diori te. Epidote is a common mineral in the roots of 
this geothermal system. It crystallized as far as 2,5 
km from the intrusion, for temperatures ranging from 
220 to 350°C. This mineral shows a progressive 

. enrichment in iron and/or manganese (XPM+Ps increases 
• 

from 0.21 to 0.30) co11pled with an increase of chemical 
dispersion with increasing distance from the pluton. 
The most iron rich epidotes appear in hematite bearing 
paragenesis. The iron enrichment is correlated with the 
oxygen fugaci ty which may locally depend on the bulk 
rock chemistry. It may reflect an increasing influence 
of meteoric fluids. 

For . a better understanding of epidotes chemical 
dispersions, Mossbauer spectroscopy has been performed 
or1 five sampl.es. If Fe3+ ions accommodated in M(3) 
sites represent the great majority of the total iron 
present (>-90%), few amounts assigned to M(l) sites have 
been evidenced. An ordering parameter has been deduced 
from the Fe3 + occupancy. An increase of epidotes 
disorder with the distance from the intrusion has been 
demonstrated. A good correlation is observed between 
the ordering state of epidotes and the paleotemperature 
di.s t .. ribution (estimated from fluid inclusion study). A 
rapi<1 crystallization· cannot explain the disequilibrium 

• 

state displayed by some samples. Kinetics of ordering 
are slow, the more ordered minerals coincide with those 
affected by longer cooling event. However, variations 
of external physicochemical conditions (meteoric 
contamination ... ) in the external part of the 
hydrothermal system probably accentuated the 
di seqi1ilibrium state of the outer epidotes. Epidotes, 
which display a greater chemical gispersion and 
disequilibrium state, are also characterized by smaller 

• • g·raJ_n sizes. 
The quantitative analysis of crystals size has 

been performed on eight samples representative of the 
thermal dif fusior1 gradient developed around the 
intrusion, or located in thermal anomalous zones. In 
order to obtain accurate results, this statistical 
con1parative study has been realized in environments 
providing only temperature dependent crystals size 
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variations. This condition is verified in epidote + 
quartz bearing veinlets, where epidotes, developed 
during one crystallization event , occur as euhedral 
crystals enclosed in later anhedral quartz. Lengths and 
widths vary exponentially with increasing temperature, 
while their ratio is nearly constant. The crystal 
growth (controlled by interface reactions) displays an 
exponential dependence of rate upon temperature. These 
results reveal a close relation between epidote 
crystals size and estimated temperature which is 
proposed as a possible geothermometer. It should be now 
interesting to verify these observations in other 
geothermal environments. 

llYPOGENE SULPHATE-SULPHIDE ZONING IN THE CELOPEC 
COPPER-PYRITE DEPOSIT, BULGARIA 

R'J 1nen Petnmov, 
Geological Inatitute, Bulgarian Acatlemg of Sciencea, 1119 Sofia, Bulgaria 

The Celopee ore 1ninera1izations (massive and stockwork) occupy the central 
of hydrother1nally altered zones in Upper-Cretaceous volcanic-sedi111entary rocks of 
andesitic and andesite-dacitic composition. In the upper levels, paragenetic ore 
sequences have been divided into three types of 1nineralizations including iron· 
sulphide, copper-a1senic-sulphide and polymetallic assemblages. 

Drilling operations have struck an ab11ndant pyrite-anhydrite 1nineralization in 
the form of a network of veinlets and veins up to 5-6 m thick at depths exce.eding 
1000 m. At higher hypsometric levels, there are pyrite and quartz forrning zon~ of 
abundant veinlets and vei11s blending into dense, almost bi1nineral masses of pyrite 
and chalcedonic quartz in the upper111ost part of the deposit. It is shown that: the 

• 

pyrite-anhydrite 111ineralization in depth is spatially divided from the incumbent 
quartz-pyrite mineralization; the two have identical age relationships with the later 
Cu-As-sulphide and polymetallic 1nineralizations; pyrite, the co1n111on 1nineral of 
the two 1nineralizations, has identical 0 o and Ni contents in both of them; this 
pyrite differs in microcomposition from pyrite of the later 1oineralizations; in the 
rone of its formation, anhydrite is partly recrystallized and redeposited along with 
quartz and base-metal sulphides, the two drites (the primary and the rede­
posited) having different inf1sared spectra. All this is interpreted here as evidence 
of a single calci11111-iron hate- hide stage in the evolution of the hydrother­
mal process dt1ri11g which the continuous influx of an ascending 8.uid produced two 
paragenesa1: 1) a deeper anhydrite, and 2) an upper pyrite one. Thus, we re 
the conditions, which existed at a depth of about 1000 m in the Celopee deposit, as 
a specific geochemical threshold at which the nature of naitteral for1nation abruptly 

• 
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changed from a prevailing hate (anhydrite) deposition in depth to a hide 
one (pyrite) in the upper levels producing the well-defined sulphate-sulphide vertical 
zoning in the hydrotherroal system of Ca, Si, Fe and S components (Fig.). This 
zoning reflects the evolution of sulphat.e- and sulphide- sulphur activities controlled 
by the temperat11re-p1essU1e variations, by the exchange of components with the 
host rocks~ and by transitions into the solid phase in the 1oineral-for1ning system. 
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Fig. A model of the-calci111n-iron sulphate- hide stage with the superimposed 
later processes. -a - gene · geological c1oss-section; b - scheme of vertical 
development of 1nineralizations: 1 - basement; 2 - volcanics; S • anhydrite; 4 -
copper-pyrite ore bodies; & - polymetallic 1nine1alizations; 6 • denuded section; 1 
• p enudation surface; 8 - anhydrite paragenesis; 9 - pyrite paragenesis; 10 to 
12 • superimposed 1ni1aeraliWions: 10 - Ou-Aa- hide; 11 • quartz-sphalerite-
chalcopyrite (with 1edeposited drite); 12 - barite- galena.-sphalerite. 

OCCURRENCE AND GENSIS OF ZEOLITES FROM BASALTIC ROCKS OF 
• 

MALW A PLATEAL, INDIA 

Dr. Vilas L. Punwatkar, Assistant Professor of Geology, Department of Geology, Holkar 

Science College, Indore 452001, Madhya Pradesh, India 

The Malwa plateau area belongs to middle traps of India. It is predominantely consti­

tuted of basaltic flows of massive, fine grained, porphyritic, vericular and amygelaloidal 
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charactres having considerable variations in thire thicknesses. Zeolites occur particularly 

wide spread in volcanicclastic strata and developed either as fillings in the amygdular 

carities or as products of alterations due to late hydrohher1nal carities. Zeolites are re­

corded from trops of variable altitude, some time shows zoning nature. The identified vari­

eties are heulstldite, stilbite, mesilite, Laumantite, Chabazite, thomsonite and clinopti lite. 

The local variations in the composition of each variety are over a short distance. A 

genetically the order of crystallization of specific zeolites are important as they lead to their 

frequent zonal distribution. The species and amount of zeolite as function of texture and 

composition of the host rock, composition of interstitial water, age and temperature. The 

enlargement of zeolite bearing amygdoles by corrossion of the adjacent basalt, but is likely 

that the bulk of the zealites in the carities crystallized from materials migrating from the 

surrounding rock. The trend of zeolite for1nation within one fracture of amygdale as well 

as within a set of them may be norinally from high temperature to low temperature ones 

and from those high in alymina to high in silica or Viceversa. The inter-related zeolite se­

quences paragenesis and their nor1nal reverse trend is of importance both for tracing the 

tectomic history of an area and the conditions of fortnation of zeolite assemblages. 

Zeolite are for1ned by the precipitation of the fluids which permeated the basalt in the 

earlier formed vericles, pipes and fractures. It seems that a fluid reacted with wall rocks to 

dissolve various components within are necessary for the for1nation of zeolites. The abun­

dants glass in the host rock appears to have played an important role in zeolitisation and 

chloitisation by the effects of hydrothermal activity. The temperature of formation of min­

erals (Quartz and heulandite) attains a maximum of even 240 t, presented that the cirolat­

ing meteoric water must have been heated due to some exothermic processes causing 

hydration of the ferromagnesium minerals and for111ation of the zeolites. 

Zeolites possess a typical micro porous structure which filled with water molecules 

and cxchangable cations. It has adsorption properties which is useful for calalyst purifies 

of gases and liquid and orgenic fertilizer. Thermal analysis, XRD, IR and microstructural 

analysis are made useful in the indentification and characterization studies of zeolites in 

order to find more applications. The study will help in assessing the potential of zeolites, 

when country is facing an actute shortage of the indigineoys resources of molecular sieves 

and adsortants. 
• 

• 

~:TllOY OF PRf)~;PECT I NG MI NF.RAl,flf:Y OF SP I NEI. GROlJP IN K I MBERI,, I TES IN 
CHINA 

Qin ~;buying Deng Chuj 11n Guo Yu em in 
c I n .'; t i 1 u t f. o f M i n P. r a l I l r p o ~; i 1 s , BP. i j i r1 q , PR r: ) 

P r o s p e c t i n g Mi n e r a l o q y i s one o f ma i n d i re c t i on o f t he c 011 t em -
po r a r y m i n e r a l o g y. As we a l l k 11 ow_ s p i 11 e l s, w h i c h can h f. e as i l :r· 
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selected from 1tt:avy sand of river s;·ste• and kimberlites, are the 
•a i 11 as so c i at e d 11 i n e r a l s o f d i am t>11 d . I 11 1 he l a t e s i x t i e s, be l' al! s c 
w i de s p re ad us i n g o f e L e c t r on n1 i c r c1 p r o l1 r an a l y s i s, s p j n e l s 1> l a.;· an 
important role in the process of diaaond-f inding. 

· I t i s o 11. r i n t e n t i o 11 t o r e v P. a l t 11 e r e g i on a l r 11 a r a c t e r i s t · i c s o f 
11i1leral chemistry o·r spi11els, Lcl~t .. tl t111 tl••~ !;t1ttlit'!; tlf s1•ir••'ls iii 

some kiabt>rli tes prc>vi11ces a11d t'<>m1>ari11g witta tht>~;n in '>ther rr. 
gio11s i11 Cl1ina and lJSSR. Tt1e (\t1tt1ors tise thr. mett1od of rliaqram <if 
11ir•~•l (; ()•µ•,r•t~rats <)f ~;1>i11t•l !lrf>1a11. tt1«1t siuapli•~~; tlae classifacati•~•• 

" t>f l;.A. S.l)kl)lUV Ulltl N.V. 1•11Vll)\I, u1uki1t~j al C()flV•~••i•,••t f(JI tlae. ,,, •. 
sear t· J1 in g use. . • 

1 . Th e d i a g r a 111 j 11 g and c l a s s i f i c a t i o 11 o f s p i n e l ~ r o up 
Tlie main e11d 11en1l>ers of sµi11t~ls are t·l1romitt~, !)pirtt~l,n1a~1r1l~I i tt:, 

1Uct911t'i~i,>f1'rritl' nr1tt t&lV(l:~11i11t'l. ·r·t1 ... tri;ara~t••lar lli1•~Jra111 Wets a1«1el•~ l•.Y 
• 

ttsi119 the contents of tribasic t·ati.011s a11d was t1ivit1t1 ti ir1to ei~t1't 

parts with no mineral projective points falling in the eighth part 
<Fig. t ). 111 Fig. l, t -r·t1ro1uitr, 2 ·· spinr.l ···(·}1ro11ite, 3 - rhrllmi tr. --spi11Pl, 
,1 - s p i n e l , ~ -10 a g n e t i t e - t' h r um i t e, 6 - c h r om i t e - ma g 11 e t j t e, 7 - na a g 11 e t i t e . 
Tht~ first part was ~ubJividr.11 into two s11l•1>arts <Ja a11•l ll1). Tl••~ 

t'o11te11t of Mg a11li f'e W«l~' sa,l1llivitlr.ll ir1to tl1e ra11gr. of 1.IJll ... lt. 7:1 
and 0.00-0.2~, 0. ·~ - 0.50 and u.2:.-0.~u, u.~0-0.2~ and u.~u-u. 7C., 
Cl. 25 - 0.00 and 0.75 - 1.00 and were prrfixed with mag11ezio-, ferromag -
11ezio --, magneziof(\rro -- cllltl frr1l) · resprl·tivE~ly. 

2. The di!>tribt1tio11 t·l1arat:teristil·s of ~;1>ir1r.l !Jrc1111> i11 ki1ul•t'r 
lites a11d their ralative rorks 

From tl1e diagrams, we fi11d out tl1at there are obvious regior1al 
tiifferer1res among the spinl>l ~roup i11 tt1c tiifferPnt regio11s of kint 
-bertites in China. ~ 

<l) The poi11ts of spi·11ets in kimberlites i11 Sl1andong and Liao-· 
1lir1~1 llfllVia' r.s f••ll i1l 1. Mt>~;t J>llirits ()f t·l1rumites ir• kimllf'Tlitt' 
rocks rit·l1 i11 di,•mo11t1 f,tll i11 lt.t. M41 :> t l''1ii1t~; (Jf ~>t1i11•~l~. i11 tl••: 
ric}1 diamond zo11e of Sl1a1lli(l11g, wit}11nore Ti tha11 Souther11 l.i<1oni11~} 

' s, fa l l i 11 t lac r i ~1 l1 t <Fi 9. (~), wl1 i l E) t hr. }lo i r1 ts of I. i a on i r1 H f '' l l i 11 
the left <rig. 3). Ttt(J!>t> <lf Nort}1er11 Lic1011i119 are ptac·t~tl i11 tl1t· Jl• 

ai1tt 2, 3. <Fig. 3 ), slaowiJl!-J JlOOT f'OJltP11t- of diillllOJld. 

( 2 ) T ll r. p o i 1a t s o f s p i r1 r l s i 11 k i m b e r l i t e s i n Ya 11 !-} t 7. t\ J> l a t f (J 1· 01 

fall i11 Jb, i11dicati11q tt1r t:or1tr.11t of Al ar&(i Fe inc9 reasi11H. bt1t 
t he c on t en t o f d i am on tl d e r r e as i 11 g < 14' i g . 4 -- l ) . 

( ~) ) T tie p o i n t s o f s p i n e l s i n k i m be r l i t e s i n Hen at1 p r o \' i c e a 11 d 
i11 Jlicri tc --porpt1yri tr. j11 ll11llei µrovice arc lllal· cd ira t. ht~ lllW left 
of 1 b a11d 2, 3, w i thou t di amo11d < ~· i 9. 4 - 2, 4 - :~ ) . 

( 4 ) The p o i n t s o f s p i 11 e l s i r1 ll a s i c - 1J l t r ah as i r· r or· k s i n Nor t t1 -
t'r11 Jiai14su provil:e a11ll llt1 l)t.,. i 1>r<>\· irtt' () ctrr 1>l••tt~tt i1l tlat) lc•w flc\rt 

of lb and 5. (. <Fig. ~-2, ~ - 1 >. 
(~)The 11oi11ts of spi11Pls in t1ltrahc1sir f()t~ks in Inner M<)O~Jf)lin 

~lt~(}~;yr1,:li11c1l a·rra f11ll ir1 2, :; witJ1 l1i~1t1 •·<••1ff·11t t)f Al<~··~-~:;). 
(,,)'fht\rfl clTr s<llDf' ~;i1nilarity t)f ~; pir1•~ ls i11 kimltr.rlit•~~; l•r.twf)t\r• 

''ak11t. ll~~~:R c111tt CJ1ir1a. 'l't1P }loir1ts llf ir1tr.rqrl>wtt1 SJlinets witt1 dia ·­
n1t•111I Ii r c •••. l tl s i ()ft i II cl i ()ID(lr&ti s i fl '1~:~:1~. f ,, t l i Jl t ltt' Ill'•• r t (lJl •• f 1,\ . 

:; . C,>11c.l~si•>11 

Thr diaqrams of the ~pi11el n1i11al l·ompo11t)11ts !>lll>Ws( I >'l'}te nae"tllt)tt 
is e:~act and ea·sy, and the classification is rPasonabte; <2)ln the 

• 
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process of diamond ·- searcl1, stutiyi119 a1ad t'(>mpari1tg tl1t~ spir1rl rr 
·gional f·haracteristics of know11 az1d u11known areas is a11 importc111t 
way for prospecting. 
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LATERITIC GOLD: SOME MODELS FOR EXPLORATION 
• • 

• 

:i 

Fe 
<Ti> 

6 

~ 
'11 l 

A. Bhaskara Rao & Jessica B. Carvalho, Dept. of Geoctie-
m 5. s try & Mineral Resources, University of Brasilia, 
70910 - Brasilia, Brazil. 
Laterites are known extensively in the Third World 
( l at. 30°N to 30°5) and have called the attention of . 
s cientists only recently as hosts of important mineral 
deposits, of which both Au and Pt are included. 
Compact laterite coverings over any type of bed-rock 
co ul d be developed in t1opical, su b·tropical and subarid 
conditions. Under equatorial climate, laterites form 
soils and could favour the formation of :vstonelines''. The 
SL1 pergene enrichment favours the concentration of 
elements in these surficial deposits, derived from a 
protore of low tenor. Thus, in Australia, India and 
Brazil deposits ·of later i ti·c nature are bej_ng constan­
tly discovered. 
For the preparation of a genetic model of auriferous 
l ateritic deposits, the basic parameters are: a) bed 
rock ·type; b) topographic nature during the laterite 
evolution; c) climates dominating at that time: d)altera­
t ion processes resul·ted in degree of decomposition,so­
luti on, migration and deposition; e) chemical activi­
ti ons and formation of metal complexes; f) dessication 
resulting in precipitation of diferent minerals, gi­
ving rise to vertica~ and horizo~tal zoning and control. 
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I! is important to mention here typical guide horizons 
with Au, based on a structural classification of the 
laterite crusts, as follows: 1) Pisolithic and nodular 
crusts; 2) Lateriti~ed gravel bed; 3) Lateritised coll~ 
vium; 4) Lateritised elluvium; and 5) Stone lines.These 
gu~de horizons may vary in importance for gold prosp~­
ction from one bed rock type to another. In some of 
them, the gold growth is known to be even to the size 
o f nu g g e t s ( o v er 3 Kg as i n c LJ i a b a , B r a z i l ) . Fu r t h e r 
1 t . t . t . rl . .1.. • ( ' - a ~ e: l ... l ~a .... 1 on . eposJ. t.s p '-'Te AL 1 nr \AJ l t .h Ag . AJ_ ta Flores ta , 
Brazil). Another importaGt feature is the erratic dis­
tribuition of gold, even in the characterestic horizons. 
The.exploration models prepared differentiate the guide 
horizons, one from another, thus corresponding to the 
nature of the ge:1etic modeJ.s. Fundamentaly they include: 

" a) complete laterite profile· b) nature of bed rock 
alteration and zoning; c) 'evolution cvcles that could 
be distinquished; d) structural and t~xtural defini­
tions of the lateritic crusts; e) influence of shear 
zones and the primary ore in the horizontal distribu­
tion of gold (geochemical haloes); f) formation of 
guide horizons and their metal content. 
Later~tic Gold is destined to contribute very effecti­
vely in the developm2nt of small mines in great number 
or.countries in the Third World, enhancing the produ­
ct7on at low cost and guiding detailed prospection for 
primary ores by geochemical patterns. 4 

ONTOGENESIS OF POTASH FELDSPAR OVOIDS FROM RAPAKIVI 
GRANITES 
Rundquist, N.D. Geology Department, University of Le­
ningrad. University e~bankment, 7/9, Leningrad, 
199034, USSR.. 

·neveloping the ideas of minerals' ontogenesis t~e?ry, 
the ovoids of potash feldspar (PFsp) from rapak1v1 
granites of the Wiborg massif were researched w~th the 
aim to distinguish the conditions and succession of 
their formation. According to classifica~ion (which is 
accepted in the Soviet Union) two phases ,.of rapakivi 
granites contain . ovoids: wiborgite (II phase) and tra-
chyt.oid rapakivi (III phase). ~ . 
The morphostructural investigation of ovoids .has enab­
led to determine the gradual transitions in their sha­
pe, size and extent of development of plagioclase man~ 
tles. The extremely and the most characteristi_c vov_o­
ids type were revealed, as well as ~ones in their in­
ternal structure. The chemical composition.of PFsp, 
perthites and inclusions of other mineral5 in diffe-

• 
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=ent zones of various ovoids' types was studieu on 
_.: croanalyzer. PFsp of central zones of. ovoids differ 

higher soduim content, which gradually decreased 
-o the marginal parts of ovoids. Potassiu.m content in 
;eneral increased from central . zones to periphery,but 
·n coarse ovoids · it has a local minimum in meditl.m zo­
~es. Such behaviour of - potas~ium is confirme~ by fla­
~e-photometry method and this is the evidence of exis­

ence of several stages during · ovoids' crystallization 
and of supply of potassium by through-magmatic fluids 
in mineral-forming medium. . 
PFsp may be divided .. into three groups according to Rb 
and Sr contents~ .I - higher Sr and lower Rb mainly 
PFsp of central zones of ovoids. II - lower Sr and 
higher Rb• a) PFsp of middle zones; b) PFsp qf margi­
nal zones. III - low Sr-PFsp of confined phenocrysts 
and that of gr oundm.ass. · .. 

X-r.ay diffraction study of PFsp has enabled to deter­
min~ three phases with .different thermal state for most 
ovoids: 1) orthoclase (Ort) - triclinicity A.f> = O; 
2) in·ter·mediate microcline (Mi) - f). .P = 0 ,4; higher 
intermediate Mi - tl J' = O, 7. Th~ somewhat higher ther­
mal state _is characteristic for ovoids' · central zones 
(subqrdinate ~sp with; . llJJ · · = O; Q,4) ·and slightly 
lower therma~ state. for' marginal .zones (sub~rdin~te 
Mi wit~ .. · :d JJ .·· · ~ 0, 7). Some ov oias . liav e .. higher th~r­
mal state and Ort phase in . these ovoids 1s predom*~ 
nant. Ther-e a_+'e two ~ind·s of .. qonfined phenoc.J;ysts: 
1) . with ··n~gher thermal state-subordinate Ort and Mi · 
with 4.J' = .0;4; 2) !it~ lower thermal .state - subor­
dinate intermediate Mi with L1 JJ = 0,82. PFsp of 
ground.mass has ··the ther.~a1·· state which is close ·to 
that of_ ovoids· ' ~. periphery· zones, and slightly lower 
than ~PFsp · of·. ov oidS as.v a · whole. . .. 
Summari~~rig the <tata ·it can ·be. supposed·, that· there 
were soine stage~ of ovoids ,~ . crystallization. The crys-­
tallization of central parts in comparison with midd­
le ~ periphery zones of ovoids was under higher ·tem­
perat\1,re conditions, and the composition and structu­
re of PFsp confirm this, The entire ''history'' of ova­
ids formation is reflected .in coarse ovoids. Crystal­
lization of middle - small size ovoids corresponds to 
individual · stages, often final, of coarse ovoids vfor­
mation. Crystallization of confined phenocrysts, as 
that of groundmass PFsp began during final stage of 
ovoids formation. 

• 
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~ACTORS CONTROLLING THE RADIOACTIVE ANOMALIES IN GRAN~TES 
• 

S.E. ASWAN TOWN, EGYPT 
• 

• 

• G • JJl • SALLO Ul4 

AL-Azhar University, Cairo 
• 

• 
• 

• 

As a result of radiometric investigation, field 
• 

,measurements and regarding the distribution of the radio-
• 

activity in each rock type, it can be concluded that, each 
. 

. " 
of the different rock-units has its distrinctive range of 

• • 

gamma radioactivity. The coarse grained granite and the 
related dykes, the fine grain.ed granite and pegmati tes . 
are of _particular interest from the radioactivity point 
of view. It is possibly to conclude that, the high radio­
activity in the area underconsideration is attributed to 
the Urani~ ·present in the accessory minerals, such as, 
Zircon, Apatite and Sphene as well · as the presence of 

• 

K40 present in the potash feldspars and iron oxides. 
In addition the presen9e of Uranium and Thorium mineraliza­

tion • 

The radioactive anomalies are · litholo~ically and 
• 

structurally controlled. Concernin~ the origin of the 
• 

radioactive mineralizations, three concepts namely : 
leaching, syngeni tic and hydrotherrna.l have been proposed 

and discussed in detailed .. 
• 

Spacj --.1 .an:! Genet ir: Relationship of Tr·avertines with Endogenic 
• 

· Metallization of ·VarioLts Ger1esis. 

VLADIMIR SEDLETSKI, GRIGORI SEMENOV, DMITRI KHOLODNY 
Rostov State University, Institute of Physical and Organic 

Chemistry 

tic 
Travertines widly 

activity have been 

USSR 

• 

spred in the regions of 
treated by now <Baikov~ 

• 
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enov, 1982, 1983, Semenov, 1984, etc.) without relating them 
o the endogenous and exogenous processes bringing to their 

igination wt1ich led to the ·formation of ore mineral depo-
5 ts of var:ious origin. Ir• sprite of the fact that traver·tine 
odies themselves are the concentrators of the commercial 

' ' 

aunts of manganese ancj tungsten - deposits Unsia <Bolivia>, 
a l in Vall 'ey <California), Mayer <Arizona>, Golconda <Nevada>, 
f arsenic - Nalac:hevs~~oye <J=~a1nchati,a peninsLtla> earlier only 
re commercial type of travertine deposits was emphasized 

• • 

Bab~~in and others, 1976). The n\ercury mineralization as me-
acinnabari~e and cinnabar concentrated in travertine forma-

• 

i ons as of siliceous <geyserite,opal,chalcedony and silicorl) 
-

n d carbonate Caragonite, calcite> compounds. By their form 
n d sedimen-t.ation ttley are eitt1er subaerial formation type of 
lows and hats <Pui-Pui, New Zealand; Apapel, Kamchatica; 
u lphur Bank and NoJcsvill, California) or cross-cutting 
odies filling gaping c:racJ~s and also i~arst cavities 

erlingt.ta,USA>. 
At the same time travertine formation processes being the 

nal phase , of polycyclic chemical reactions of the major rea­
ents-hydrothermal solution (water ·fluid>-enclosing substance 
s an evidence of ore concent1~ations in the depth wt1ich is 
u pported by travertine spreadi r1g over the deposits and by tt·1e 
a 11 ifestation of varies genesis in Bolivia, USA, USSR arid 
t her countries. This fact allowed us to reccommend traver-
i nes as a new sea~ching evider1ce of en~ogenous 
n the regions of tectono-magmatic activity 
aLlcasus. 

mineral i za·ti on 
for example the 

The spacial and genetic relationship is est.ablished 
etween travertines and m·ineralization in tt1e bounds of the 
aL,casus. Mercury mineralization and travertines of Tsess 

\ 

eposit in Naro-Mamison ore area <Tsertsvadze, 1972) are 
elated genetically. •~ere~ cinnabar is established in 
ravertines · of aragonite composition which cement . the 
uaternary ~eposits. Travertines exhibit the spacial relation­

ship with the Cimmerian and Alpine rare-metal ores of Tyrnyaus 
The Centre CaLtcast.ts) and also with realgar-orpiment ores of 
arrydag <The Transcaucasus) Travertines are spacia~ly related 
i th pol ymetal 1 i c 1oetal 1. i zati or1 of Sadon ore ar·ea <Tl1e Centre 
aucasus>, copper-pyrrhotite ~ metallization of Kizil-Dere 
eposit <The Easter·n Caucasus> ar•d mercury metallizat~on of 
y shkit <The Western Caucasus>~ 

In the last case we deel with for the first time asolated 
n the Caucasus siliceous-car·bonate paleotravertine deposit 
efore latepermian age <Byi~ov, Sen1enov, 1983>. Ferruginous­
arbonate lens-like body is known in the north-east part of 
uartz albitophyre massif of river Kysh~Kit which is a· right 
ri butary of river A~~saut. The extent o ·f lens . is about 18<:,m 
n d thickness is under 20m. The centre part of body 
s · consist~ of light-grey calcite with admixture of fine­
i sperceably increeses nearer to the periphery.Also the presen­
e of quartz, chalcedony,opal and pyrite is noted.The formation 

... -· . - - - . 
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• 

of ferruginolJS-carbonate rocks is connected tJy us with postvol­
canic carbonate and siliceous-carbonate paleotravertines de­
positing · in the area of thermal ~pring issues with the 

• 

·follo\.",ing lithification of travertines. 
Le~s-li~~e bodies of Devonian travertines is Jcnown <Ohapkin, 

1961> among eruptive-sedimentary deposits of Kopievo ! series in 
Minusinsk intermontane troLlgh <Eastern Siberia). Ma~imum 
thickness of lenses is 90m and length is under 2000m. 

In those cases when we don~t observe carbonate neogenesi-
ses in .general genetic series: ore body-travertine deposit this 
may be connected on the one harld with the loss of pydrothermal 
solution of the gaseous components at the approach to the d ay 
sLtrf ace whi eh is seen in a po~Jer ·f t.tl c al c it i z at ion of enc 1 osi ng 
rocks~ on the other hand travertine deposits may be destroyed 

• 

in the rest.tl t o ·f 01,..osi on by water or di agnost i catep as lime-, 
stone of normal sedimentological series. It isn't excluded that 
processes of travertine format.ion on the day surface in a number 
of cases coincided with postcarbonate stage of most ore deposits 
on the depth. 

Thr~ref ore in . 
travertine formation 
which occured in the 

.of various genesis. 
• • 

the regions of tectono-magmatic activity 
is a final phase of ore-forming processes 
considerable depth and formed ore deposits 

RESEARCH OM j!liPQM011.PHISM OF GOETHITEi E'ROM GOSSANr--TYPE GOLD 
DEPOSIT.S IN MIDDLE AND LOWER REACHES Ot1 YANGTZE RIVER. ; CHINA 

SHAO Jielian.t;LI 
of Geosciences, 

Li pi~, 
Wuhan, 

Department of Geology, 
Hubei 430074, Peo1ple' ~ . -

... 

Chjna Univer8ity 
Republic of China 

In the middle and low~r reaches of Yangtze River, China · , 
goethite is the chiefest component as well as the chiefest gold 
carrier mineral of gossan-type gold deposits. The authors cla­
ssified the shapes of goethlt• in Daijiachong and Wujia gold 
ores into three types, i.e. ,compacting, powdery and needle-like. 
Because of the difference of these three types goethite in water 
content, crystallinlty, grain size and crystal structure compac­
ting degree, their reflection, colour indices, X-ray diffraction 
spectrum, cell parameter,dlff'erential thermal et.feet infrared .. ' spectrum, Mossbauer 8pectrum and even gold-bearing ability are 
different. The typomorphism of goethite is provided in thi~ paper. 

In conclusion, the powdery goethite with the the richest gold 
capacity has such typomorphs for rich ore ~eposits as follow:weak 
peaks, ocurence of platf~1-ms on most peak tops, or existence of 
not sharp top~ of X-ray diffractio~ 8peotrogram ; cell volume 
larger than 1391 ; heat absorption valley teperature of differen­
tial thercna 1 purve between 325 to 363 •c; hydroxyl vibration 0-0H 
of · infrared [spectrum higher than1 895 cm-•(the highest being 902 
cm"'' ) ; quadrupole splitting of M6~sba.uer spectrum between o s4 to 
o.45 ; and chemical composition with more than 0.3% cu, o.1% Pb, 
o.15% zn, o.2% A8, 0.01% Ni, and 0.06% Mn. 

-96-



ORE MINERALOGY AND GENETIC MINERALOGY OF 
. "QIYUGOU TYPE" GOLD DEPOSITS, CHINA . '29,_, 

Shao Kezhong, Li Shengrong, Luan Wenlo.u, Hebei College of Geology, 
Shi.Jazhuang, Hebei 050031, China 

• 

The ''Qiyugou type'' of gold deposits in Qiyugou area, Henan province, 
China, is a poly-type gold deposit system dominated by explosive breccia. In this 
type of gold deposits, there is variety of species of Bi-sulf osalt and Bi-telluride 

• 

minerals though they are not large in quantity. The Bi-sulfosalts include cosalite, 
galenobismutite, lillianite, wittichenite and tetradymite, and the Bi-tellurides are 
~epresented by tsumoite, tellurobismuthite and two other unnamed ones. The ap­
pearance of these minerals has provided geochemical evidence for establishil}.g 
Bi-Au or Te-Bi-Au type of ore deposits. Tsumoite was first discovered in our 
country. In view of the fact that these Bi-bearing minerals occurred in the middle 
to late (especially late) stage of metallization and in the gold-rich blocks, so they 

.. . 
can be taken as an important hint for prospecting gold ore bodies. 

Gold minerals are dominated by native gold. These f 111} simple crystal and 
fl 11}+f110} combination crystal form high bismuth content and f 110} euhedral 

• 

crystals of late stage of mineralization all indicate a gold-rich block. Therefore, 
they are important signs for prospecting and evaluation of gold deposits. Pyrite, 
being large in quantity, is a major gold carrier. The occurrence of flOO}+flll} 
combination forms of pyrite is a mark of gold mineralization. Compared with 
standard ones, this particular pyrite possesses lower hardness, reflectivity and 
a0 value, and higlier specfic gravity, and can be regared as single electronic type 
conducto.: . These are all typomorphic characters of gold mi11eralization. Quartz is 
a dominant gangue mineral. Its thermoluminescent curves show prominent differ­
ences, provi"iing solid basis for setting up three ''vanward-'',''major-'' and ''late-'' 
phases of mi\1eralization; its double-peak type of thermoluminescent curves are ef-

• • 

fective pros1 \ ectin~ indication. The . C02 optical density( Dco2 ), Ag, Bi and 
As+Sb+Bi co:1tents of quartz are positively related with its Au content, and they, 
hence, are .co11sidered as composition typomorphic marks for this type of gold de-

. 

posits. The greyish white fine-grained xenomorphic quartz closely associated with 
biotite, and the colorless coarse-grained hexagonal prismatic quartz closely asso­
ciated with calcite, respectively signify the end of ''vanward mineralization period'' 
and whole ~nineralization of deposits, and represent weak gold mineralization 

I 
stages. On other hand, the subhedral quartz closely associated with poly-metallic 
sulfides and orthoclase has a intimate relation with gold mineralization, being and 
thus can be looked at as guiding mark for prospecting and exploration of 
''Qiyugou Type'' of gold ore deposits. · 

THERMOELECTRIC TYPOMORPHISM OF PYRITE IN GOLD DEPOSITS OF 
EASTERN SHANDONG PROVINCE 

Shao Wei, Chen Guangyuan, Division of Genetic Mineralogy, Chinese University of 
Geosciences, Beijing, 100083, PRC 

• 
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Research in semiconductor minerals and the11noelectricity of pyrite had been carried 
of during 1950's-1980's in U.S.A. and USSR, but the study of ther1noelectric 
typomorphism of pyrite from gold deposits is rare. A summary of systematical investiga­
tion in ther1noelectricity of pyrite from seven gold deposits in eastern Shandong province 
is given below. 

1. Their variation of ther1noelectric coefficients is summarized as following in 
Tab. 1. 
Tab.1. Ther1noelectric coefficients ( ± ex µVI t) of pyrite in gold deposits from eastern 

Shandong province 

Genetic type Quartz • Wall alteration vem 

Western Eastern 
Gold deposit Liukou Qixia Xiadian Luofeng Sanshandao 

Linglong Ling long 

Measured 
640 88 87 3486 127 sooo 220 

samples 
. -45- -11.3- -195.3- -12- -35.1- ' -20-• 

. N-pyrite -ex 
-297 -198.9 -369.1 -433 -377.0 -458 

P-pyrite 
+12- +52.6- +215.5- +11- +24.5- +19- +37.2-

+a 
+502 t 441. l +342.4 +585 +567.4 +S4S +430.l 

2. Distribution of their ther1noelectric coefficients varies with mineralization stage 
their disperse range is large, while in th:e middle strong mineralization stage it is narrow, 
as is shown in Tab.2. 
Tab.2 Dispersiol) of thermoelectric coefficients of pyrite from gold deposits in eastern 

Shandong province 

Genetic type Gold deposit Early stage Middle stage Later stage 

Liukou -269-+502 -297- 46 -
Quartz vein Qixia -296- 1441 -199--11 -191--97 

+14-+569 Western Linglong -370- f 444 +102-+459 
' 

. 

Xiadian -377-+526 -281-+567 -284-+219 
Wall alteration Luofeng -297-+410 +286-+360 +234-+383 

• 

3. Distribution of their conduction types is different in different mineralization 
stages in different deposits. From early stage to late stage conduction type of pyrite is 
transformed from mixed type (N+P) to or nearly to single type (N or P). Evolution tend-

• 

ency to P type is typomorphic of large deposit independent of their genetic types, is 
shown in Tab.3. 
Tab.3 Frequency of conduction types of pyrite (o/o) in different mineralization stages 

• stage Evolution 
Genetic type Gold deposit 

tendency Early Middle Late 

Liukou P(S3)> N(47) n(IOO) P+N .. N 

Quartz vein Qixia . P(50.3)>N(49.7) N(IOO) P+N-+N 

Eastern 
P(60)> N(40) P(96.7)>>N(3.3) . P(IOO) P+N-+P 

Ling long 
' 

Xiadian 
. 

P( 42.3) < N(S7. 7) P(34.3) < N(6S. 7) P(29)«N(71) N+P .. N 

Wall alteration 
Luofeng P(98.6)>> N(l .4) P(IOO) P(IOO) P+N__.P 

-. 

• 

Sanshandao P(lOO) P(IOO) P(IOO) p ... p 

• 
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4. As-rich pyrites belong to P-type while replacement of Fe by Co ~nd Ni converts 
......... em to N-type. High frequency of P-type is typomorphic of large depos1~s ('~'ab.~). 
'""'ab.4 Relation between conduction type average contents of As, Co+N1 01 pyrite and 

reserve of gold deposits in eastern Shandong province 

Quartz • Genetic type vein 

Western Eastern 
Xiadian Gold deposit Liukou Qixia Linglong Ling long 

Reserve of deposit Small Medium Large Large Medium 

• As 307.69 42S.90 689.00 914.74 S09.1S 
Pyrite Co+ Ni 1SS1.16 231.80 135.80 263.33 407.00 
(ppm) P(%) 18.8 35.3 78.2 87.1 37.9 

5. Mineralogical mapping of pyrite ther1noelectricity reveals: 
( 1 ) Distribution of gold mineralization; 
( 2) Downward extention of gold orebodies; 

' ( 3 ) Location of blind ores: · . 

Luofeng 

Large 

1187.68 
72.32 
97.1 

( 4 ) Relative displacement on both sides of postmineral fractures; 

W alll alteration 

Sanshandao 

Large 

7530.70 
100.S7 
100 

For example mineralogical mapping of pyrite thermoelectric coefficients demon­
strated that the ore bodies in Luofeng gold mine is distributed mainly over ex= 300-350 
µVI t part. · . . . 

6. In upper part of orebodies P-type pyrite dominate, while 1n lower part of 
orebodies N-type pyrite dominate. Such vertical zonation distinct in Eastern and West­
ern Linglong, Xiadian and Liukou gold deposits can be used as criteria for judgement of 
degree of denudation of the deposits. 

· Note: The fmancial support is from the NSFC-4860100 

• 

PROSPECTING AND TECHNOLOGICAL PROPERTIES OF MINERALS 
\ . 

G.A.Sidorenko, B.S.Gorobetz, Ministery of Geology, All-Union Scientific-Research In-

stitute of raw materials I vims/, Moskow, Staromonetny per., 31, 109017, USSR 

Physical methods of minerals investigation in rocks and ores, based on the emission 

signals analysis within X-ray, optical, infrared and radio frequency ranges, help to deter­

mine some diagnostic and typomorphic features of minerals. There features depend on the 

composition and the structure of minerals, which, in their turn, reflect the peculiaraties of 

minerals f or1nation and bedding. Being extremely weak, these features demand high sensi­

tivity methods for their study, for example, to control the impurities content up to 

10-'-t0-6%. The most suitable are the resonanse and diffraction spectroscopic methodes 
. 

providing for wide scale of investigations from electron to radio wave length frequencies. 

Among number of mineral features only few can be successfully used for prospecting and 

tecnological purposes, due to their economical and ecological advantages compared with 

the abilities of traditional methods of analysis and enrichment of ores. The f ollosing are 

the most illustrative examples of some recently studied properties of minerals. 
. 

1. Prospectjng properties. Radiospectroscopic methods. ESR can observe E
1
, 

-centers, Al
3
+and Ge

4
+ions in the structure of quartz, which indicate radioactive anomalies 

• 
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and rare metals pegmatite ores. Mossbauer spectroscopic method helps to analyse 

cassiterite content in tin ores from 0,01 up to 1,5% of Sn02• Field spectroscopic apparatus 

are availafle for. realising the both methods. Infrared spectroscopic method helps to reveal 
• 

pyrophosphate bonds in the structure of apatite corresponding to increased redox poten-
• 

tial existed when forming the rocks genetically related to the mantle. Such apatite discov .. 

ered in sands serves for local prospecting of abyssal ore bearing deposits such as 

kimberlites or carbonatites. Optical spectroscopy helps to discover diamond-containing 

kitiiberlites and eclogites by means of color centers in pyrops: Cr3+ I Fe2+-and (Fe2+rri4°1 
correspondingy. Luminescence helps to identify cassiterite in complex tin ores; helps also 

to discover silver halides I kerargirite, em bolite I in oxidized zones of silver deposits. In 

the both cases luminescence is excited either by mercury lamp after cooling the samples in 

.. liquid nitrogen, or by UV laser at common temperatures. Weak violet glow of apatite con­

taining the impurity centers Ce3+and Eu2+may indicate its genetical relaion to the mantle 

rocks and together with pyrophosphate groupes, identified by infrared spectra the whole 

complex of these indicators helps for local prospecting of kimberlites and carbonatites. 

X-ray phase and structure analysis reveals subtle peculiarities in rockforming 

minerals-feldspars, layer silicates. It helph to carry out mineralogic mapping of an area to 

be prospected, to discover metasomatic alteration zones probably ore-bearing, to evaluate 

technological properties of ores and to control the process of extraction of different com-

ponents. . 
2. Technological properties related to phase composition of ores can be used for 

radiometric enrichment of ores. The main methods are photometric and lumine89Cnt sepa­

ration of ores. In photometric niethod are used different optical reflection and absorption 

properties of dark and light-c<!loured minerals I in ores of quartz, microcline, calcite, 

magnesite, pollucite, lasurite, boxites, barite I . Even much more selective and sensitive are 
• 

the luminescent properties based on different spectral and kinetic caracteristics of minerals 

excited by X-rays or ultraviolet lasers. Hitherto are elaborated the methodes of 

luminescence separa .. tion of ores of diamonds, scheelite, spodumene and eucryptite, 

fluorite, apatite, calcite and dolomite I as by-products of enrichment of phosphorite 

ores/, datolite, danburite, barite, celestite, microcline and plagyolase, silvinite. 

' 

VARIA!IONS OF MINERALOGY OF KIMBERLI!ES DEPBNDING ON 
!HEIR STRUCTURAL ENVIRONMEN! 
Andrei Sinitsyn, Research Institute •aorizon•,Leningrad 
State-University, 198904, U.S.S.R. . 
Diamonds. being minor, though very. important constituent 
of kimberlites, are present ·in kimberlites but rarely_ 
they are ·mat in economical quantaties in lS of pipes 
and in mineralogical quantaties no·t .more than in 10% of 
pipes. 

• 
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!. Clifford (1966) was first to note that all African 
economically diamondiferous kimberlites are regulary 
found in the areas of ancient craton·s. D.Dawson (1970) 
advanced this concept, showing world wide validity of 

~ T. Clifford s rule. 
This offered certain opportunities, since starting ~ro­
specting in any new region, it seems worth to start by 
exploring its Precambrian . tectonics to outline the 
ancient cratons, so far as only those rather small ter­
rains are -. in any way promising for economically produc­
tive pipes. 
Beyond an¥ doubt, diamondiferous kimberlites are speci­
fic by their accessory mineralogy, though, as it has 
shown N.Sobolev (1974), this pecularities are rather 
subtle, revealing only~ under close investigation of 
garnets, ilmenites and chromespinelides chemical compo­
sitions. Such mineralogical study is often of the same 
labour consuming scale, as large volume ampling aiming 
direct diamond assaying. · 

·Meanwhile diamondiferous pipes due to the local features 
of the underlying . ancient cratons petrology reveal one 
important pecul~rity - they usually do not contain feld­
spar granulita xenoliths, abundant in barren pipes, in­
truding mobile belts terrain. !he only exclusions among 
the intercratonic kimberlites with reported granulite 
xenoliths are South African Orapa, Newlands and Klipfon­
tein pipes (Dawson, 1980). But all of them intrude the 
outer edg~s of the. Kaapvaal Archeaen craton,characterized 
by the so called "along the edges" granulites,differing 
sufficiently from typical inner mobile belts granulites. 
!he prospecting corollary is that kimberlites containing 
abundant granulites xenoliths are usually- nondiamondife-
rous. 

s.v.soboleva, v.v.Nasedkin, Institute 9f Ore Deposits, 
Mineralogy, Petrography and Geoohem1stry, Aoad. of 
Soienoes, Mosoow 109017, StarQmonetny 35 
1.u.sohwelidze, Geological Institute, Georgia Aoad. of 
Soienoes 1 USSR, Tbilisy, J80C93, Ruokadze str., 1 

• 

and met morphio rooks and some times in high pressure 
zones. Theelectron diffraction oblique texture method 
proves to be very successful for the determination of 
the nature and structural perfeotion of sheet s1oioa­
tes. We applied this method for the analysis of a 
great number of biotite samples from Georgia metamor­
phic rooks and from volcanjsc rocks from Kamohatka and 
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·Armenia. It was established that 2M1polytypes usually 
9ryste.lli~ed in the conditions of the dry metamors­
ph1··am when the partial oxygen pressure is muoh ~more 

the anion sublattioe is enriched by _ and has a 
oomposition o10.~(0H)2_x (o<x < o.,:) . . 

The proton defioienoy in the octahedral apexes de­
creases the repulsion between the interlay_er cations 
and protons and stabilizes the rare 2M1 polytype • 

• 

The in~eatigation of metamorphio biotites from 

renoe with the metamorphic degree fr m metapelites 
to metabaaitea. Analysis of igneous biotitea shows 

: that the 2M poly es mainly ooour in near surfaoe 
voloanj.o 1r oous during the non-equilibrium 
crystallization. The proton defioienoy is compensated 
by isomorphoue replaoement of octahedral. cations 
Mg2+ for AlJ+ and Fe3•, 

• 

GENETIC-MINERALOGICAL RESEARCH ON THE SERIES OF MINERALS 
OF SCHEELITE-FOWELLITE 
Su Changzhi, Center of Roch and Mineral Analysis, Bureau 
of Geology and Mineral Resources of Henan Province, 
Zhengzhou, People's Ripubltc of China -

Molybdenum and tungsten have _ similar crystalochemical 
properties and geochemical behaviours, so thei can repl­
ace each other to make up the continous series of miner­
als of ·CaWO} - :caMo03. It is feasibe in the theoretical 
analysis and also has been verified by the compound exp­
eriment . This essay illustrates that there is a~ineral 

. 

series of scheelite-powellite in the nature which exist-
ed in the skarn-porphyry molybdenum(tungsten) orefield 
of Luanchuan, Henan Province. Various experimental riata 

# 

. 

and classif.ication ·~or chemical composition. and fluoresc-
ent colour are listed in table 1. 

Genetic-mineralical characters of ·the series are as 
follow: Their formation is related with the syntectic g-

• 

ranitoid of Yanshan Period; They have high molybdenum; 
. 

Molyboscheelite and W-beaiing .powellite formed in magnas-
ian skarn stage, which assoicated with magnetite, salite, 

-102-



cliondrodite and magnesium-peridotite. At the later stage 

, molybdenite mineralization piled on which formed at hi­

gh temperature. However, scheelite-molyboscheelite's con­
taining low Mo formed at calciskarn stage or hydrothermal 

period, which associated with gross~larite, rati~e, ferr-
• 

osalite, hedenbergite, vevianite, wollastomite, othoclase 

~ Mo-bearing scheelite-molybdenum-scheelite formed at qu-• 
artz-sulphide stage; powellite is found in oxidation zone 
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• 

NEW ADVANCES IN MORPHOGENESIS OF PYRITE 
• 

• 
• 

Sun Daisheng, Chen Guangyuan, Division of Genetic Mineralogy, Chinese University of 
Geosciences, Beijing, 100083, PRC. ,. 

The present investigated pyrite crystals are collected from 6 gold deposits in eastern 
Sh .. ~ndong province, namely, Linglong, Qixia, Xiadian, Yuantan, Sanshandao and 

' . 
Luofeng, out of which 8000~ are taken into account in statistics, 400 to goniometric 
measurement and 100 to observation of surface microtopography under SEM. New ad-

• . 

vances made .are given below: 
1. 45 forms of pyrite are found: {100}; {210}, {310}, {410}, {510}, {520}, {610}, 

{710}, {720}, {750}, {760}, {810}, {830}, {850}, {910}, {920}, {940}, {11,1, O}; {111}; 
{135}, .{251}, {321}, {328}, {421}, {521}, {531}, {641}, {721}, {832}, {841}, {1,3,11}, {10, 
6, 25}; {11, 1,3}, {13, 2,7}, {13, 2,9}, {18, 24, 25}, {34, 14, 25}; {211}, {311}, {322}; {113}, 
{221},{332}, {441};{110} . 

2. Frequency of forms of pyrite is as follows: 
Tab.1 Frequency of appearance of single form among 7000 pyrite crystals from 6 gold 

deposits in eastern Shandong province 

Form of pyrite Frequency Frequency ratio(%) Times of frequency 

{100} 5529 78.98 1106 
{hkO} 5086 12.65 1017 
{111} 

• 

597 8.52 119 
{hkl} 43 0.61 9 
{hkk} 13 0.19 3 
{hhl} 6 0.09 1.2 
{110} s 0.07 1 

... 

They belong to seven types of crystal for1ns for pyrite separately. According to the 
frequency of appearance of single for111s in all the crystals is as the following : cube { 100} 
- pentagonal dodecahedron {hkO] octahedron {111} didodecahedron {hkl}­
icositetrahedron {hkk}-trisoctahedron {hhl} rhombic dodecahedron {110}. 

3. Pyrite with negative striation appears in later stage, being typomorphic of rich 
ores. 

F-cube pyrite is transformed to S-cube pyrite with dense straight striation by 
de-velopment of step-edged on {210} faces, bemg typomorphic of rich ores. 

4. There is a change in forms of pyrite according to mineralization stages. In earlier 
stage it is a{lOO}, a{100}+e{210} e{210} in intermediate stage and a{lOO} > o{l 11}­
a{ 100} in the latest stage. 

5. Pyrite crystals are divided according to combination of for1ns into four types, 
namely monoform, bifor·rn, trifortn and polyfor1n crystals. In general monofor1n crystals 
appear in wall-rocks, while biform to polyform pyrite occur in ore bodies. If biform and 
trif orm pyrites occur in wall-rocks, it is the indicator for large or high-grade ore. 

· 6. Frequency of composite pyrite forms is different in different mineralization stage. 
In earlier stage predominates monofor111 pyrites (75-lOOo/o). In intermediary stage pre­
do_minates bifor1n pyrites (70-90%) with subordinate polyform pyrites (1-30°/o). In lat­
est stage displays decrease of biform pyrites (4-82°/o) and increase of monoform pyrite 
(5-100%). . 

7. Distribution of pyrite forms displays distinct vertical zonation. As is shown in 
Linglong gold deposit, monoform pyrites dominate its lower part and biform pyrites 
dominate its middle part with triform and p0Iyfor1n dominate its upper part of the ore 

-104-
' 

• 



body. . . . . . 
8. Distribution of pyrite for1n is different in different types of gold 4eposits as is 

shown in the following. . . 
Tab.2 Distribution of forms with in 7000 pyrite crystals from gold deposits in eastern 

Shandong province 
Combinate form 

Genetic type Gold deposit Monoform % 
Biform 'I• Triform 9/e Polyfonn 9/e 

7.20 
61.90 18.90 12.00 

E. I .inglong 
29.SO 13.10 11.50 

Quartz vein W. Linglong 45.90 • 1.17 
41.53 27.90 29.40 

Qixia 
0.30 

44.33 45.40 9.97 
Xiadian 

4.80 0.30 
42.90 S2.00 Wall alteration San1bandao 0.06 
46.79 52.43 0.72 

Luofeng 

Obviously bif orm pyrites are less developed while triform. and polyfor~ pyrites are 
more developed in quartz vein type than in wall alteration type of gold deposits. 

The above mentioned investigation is a supplement to the research of Dana (1903), 
Goldschmidt (1920), Sunagawa (1957), Endo & Sunagawa (1973); Endo (1978) and 

Murowchich et al. (1987). 
Note: The fmancial support is from the NSFC-4860100 

• 

STRUCTURAL KIMBERLITE-CONTROLING CARCASS OF THE SIBERIEN 

AND CHINA-KOREA PLATFORM 
• 

A.E.Tiulenev, department of Metallogeny, All Union Geological Institute, Leningrad, 

199026, USSR 

Structural Kimberlite-Controlling of the Siberian and China-Korea Platfor1n . 
• 

On the basis of some cosmoimages of various scales in both regions and information 

about the distribution of known kim berlite fields in their limits (M okshantsev, Ba bsyan et 

al., 1976; Fumio Kishimoto, 1980) there were determined regional regulatities of distribu­

tion of chambers of kimberlite and alkali-ulttrabasic mogmatism. In particular was estab­

lished rhythm both in orientation and in step of distribution of linear deep kim berlite-con­

trolling faults. 
• 

In both regions these faults form structural carcass represented by combination of 

two types of regmatic lineament lattices; polygonal on the north representing the combina­

tion of intersecting north-eastern and sublatitudinal faults (the size of cell - 190 x190 km 

in Siberia and 150 x 270 km in China) and orthogonal on the south f"txed by the intersec­

tion of sublatitutinal and submeridional faults (the size of cells in Siberia - 100 x 70 km 

and in China - 120 x 100 km). 

Namely in nodes of intersection of faults there are known and unknown chambers of 

kimberlite magmatism. The further detaling of the perspective parts in these nodes is done 

oth by way of analysis of large scale cosmoimages and by the use of traditional pros­

""""ting methods of investingation: sehlich-mineralogical, geochemical, geobotanical, 

~,orphostructural, etc. 

-105-



' 
TRANSFORMATION 
URANATES. 

OF SCHOEPITE • INTO DIFFERENT HYDRATED 

. . 
• 

. Renaud VOCHTEN, Laboratory of chemical 
mineralogy, State University Antwerpen, 
.Middelheimlaan 1, .2020 Antwerpen, Belgium. 

and physical 
• • 

• 

On principle at first the synthese experiments were 
started with schoepi te [ U02 (OH) 2. 2H20] obtained from 
the reaction of C02, 02 and H20 on U308. 
The different uranates with general formula 
(MO)n{U03)p(H20)q with M the bivalent ions : Ca2+, 
Ba2+, Pb2+, Mg2+, Mn2+, Ni2+ were easily obtained by 
the reaction of solid schoepi te at 60 ° c wi:th aqueous 
solutions of CaC12, BaC12, Pb(N03)2, MgC12, MnC12 and 
NiC12 respectively. . 
From chemical analyses combined with thermogravimetric 

·analyses the crystal-chemical formula was calculated : 
Ca0.6U03.11H20 (Bequerelite); Ba0.6U03.llH20 
(Billietite); Pb0.2U03.2H20 (Wolsendorfite) 

• 

Mg0.6U03.13H20 (Mg-uranate); Mn0.3U03.6H20 (Mn-
uranate); Ni0.3U03.6H20 (Ni-uranate).Till now only the 
first three members of ·this series were found in 
nature. 
From Guinier X-Ray powder diffraction data the cell 
parameters of the six uranates were calculated by means 
of th~ computer program of Cox (1967). 
The lattice parameters computed for an

4 

orthorhombic 
cell are of the sam.e greatness for the six uran·ates 
which implies the existence of ·a common sublattice. 
From solubility experiments as function of the pH the 
solubility product is calculated for five of the six 
uranates. Since wolsendorfite leads to several complex 
lead-hydroxyl complexes in solution it was impossible 
to determine the K value on an adequate manner·. 
The dissolution of5~n uranate can be written as : 

(MO) (U0
3

) (H
2
o) + (n+p-q) 

n p q 
2+ 

H
2
o • nM 

-

2+ 
+ pUO 

2 

+ 2(n+p)OH (1) 
Consequently the solubility product is to be written 
as: 

( 2) 

/ . 2+ 
Since several hydroxyl complexes of uo are known, 
:the computation · of the solubility 2 products is 
relatively complex. 
The formation of the different hydroxyl complexes can 
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be described by the general equation : 

p uo 2+ 
2 

• 

(UO) (OH) ( 2p-q)+ 
p q 

+ + qH ( 3) 

for which the formation constant can be expressed as : 

B 
pq 

-- (4) 

Using these values (Sillen and Martell 1964) the total 
uranyl-ion concentration can be expressed as a functin 
of the free uranyl-ion concentration by means of a 
polynomial. 
For becquerelite, billietite, Mg-uranate, 
and Ni-uranate the pKsp is calculated as : 
156; 86 ~nd 87 respectively. 

Mn-uranate 
152; 158; 

In relation to the solubility and the transformation of 
schoepi te into_ different uranates, the genesis of the 
natural uranates will be discussed. 

• • 

• 
• 

TIIE MINERl\I. (:lff\Rf\C11~1~ISTIC OF CIJPRl~llJS S1\NDS'lUNE IJr:POSI'IS Arf ·YUHNAN PROVINCE 
AND PROSPECTING SIGNIFICANCE . · 

• 

Wang Gen, Chen Ling, Zhar1g·Daohong, ZJ1ang Fusheng, Geological Institute of 
Southwest t~onf errous ~ie t:a Is Geo log i ea l Exploration C:Orp, CNNC. · 
Kunming, Yunnan Prov incc, l:hina 

The r(~SP.rves <>f Cupreous Sanclstone c~POSits in Yunnnn is the largest of 
tl1e same type ciepos i ts in Ch i na. The genes is of th is type depos i t is ci>ns i dered 
from brine. 1hc chloride and sulfate brine, consists of strata primitive water 
mixed with deep petroleum water. TI1i_s brin~ carried with coppery fluid ·moved 
cyclically n Ion<~ the pnth of fracl;urc. h<~Jded, porc>tJs of c )astic, replac~cd and 
precipitated at the parous and space of fracture. for·med 1:he ore dcpasits.Stu­
d i ng of sevf?ra l cupreous Sc1ndstor1e cJcix>~; i t,..c:; and 0<~c~urnnceg in west and central 
Yunnan, wo divided the minerali7..ation system into three stages. Each stage has 
its copper mineral :-1ssemblc1ge and rf~ lationship of replace~nt. . 

1). The chalcocite stage : The main copper mineral· is chalcocite associated 
with bornite. chalcopyrite. pyrite. 1ne poikilitic calcite cemen~~ of elastic, 
is solubi 1 ized and replaced by crystA1l c.iolomite. lJsual ly t:he minerals have ob­
vi(>usly hori?A>ntal <ind vertical 71'nir1g • The ore lx>dies with disf~minated ore 
are controlled by fold. The geological age of country rocks is the ·lower and 
middle Cretaceous at central Yunnc1n · ar1d the Tertiary at W(~st Yunnan. The ore is 
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associated with 5-18 g/T of silver and 0.01-0.02 gif of gold. · 
2). The silver-rich Chalcocite st.agc. The si I·ver-rich chalcocite is aggr·e- .· 

~1ted by djurlaite (Cu 1.8-1.968 S), blaub leibenci<~r covellite (Cu 1.1-1.4 S), 
di gen i te ancJ bOrn i te, ( and the s i 1 ver c~c>nU°?n Le; is 5000 eff ·- 8000 g/f) , with 
veir1 enargite. The cements of clasitc are dolomite. mica, quartz~ The ore with 
scatter and vein let di&~niination st:rtJ<!ture replacnd the ccmnnts. The ore lxxJies 
as vein and ore pocket are control le<J by fold and fault. The geological age or· 
country rock are the lower and middle Cretaceous. 1he silver content is 10-20 
g/T and gold content is 0.05-0.lg/T in the ore . 
. · 3). Tennnntite-Tctrhcdritc stage. It is associated with enargite , bnrite, 

siderite and quartz, with massive and veinlet disseminate structure. The ore 
body is vc in. The geo I og i ea l <ige of c~o11n try rock is the ·rr i <J~ i c and the up­
per Pcrmain. The silver content is )50 g/T and gold is 1-8 g/T in the ore. 

Studing of char;1cwristic <1nd sc>rf:s of the copper mineral could find good 
creteria for Cupreous sandstone deposit.<> prospecting, For c~xample in the chaJ­
cocite st<1~~e.most midium and large copper <Jcpo..c;iLc; are occtJred at central Yun­
nan, and the small one at wPst Yunnan . In the second stage and third stage on­
ly smc1l l coppnr dcpc>sit with high ~!rack? are fotJnd. If the three stage are su-
peri , the deposits will be larger and richer • 

• 

TWIN IN NEW TYPE AND ZONAL STRUCTURE OF EPIDOTE 
FR0~1 DONGSHANDING, FUSAN IRON MINE, CHINA 

. 

Wang Gongqing, Wang An ping, EM Lab., Changchun University of Earth Sciences, ... 
Peo pie's Re public o.f China 

• 

• 

Epidote from this locality usually occurs as perfect short pris~atic crystals 
elongating along b-axis .. Generally, they are untwinned crystals, but simple or 
polysythetic twins with f 100} as their twinning plane have been met occasionally. 
However, there is also a new twinning type with composition plane f 101 }. Zonal 
structure with widely variable chemical composition is very common in crystals of 
this mineral. The average composition analyzed by bulk chemical analysis is: Si02 
37.20%, A120 3 20.80%, Fe20 3 14.95°/o, FeO 0.23o/o, Ti02 0.32%, MnO 0.08%, 
CaO 23.91 %, MgO 0.00%, K20 0:06%, Na20 0.17%, H 20 1.80%, and F 1.268 
ppm, Total 99.52%. It is near the Fe-rich end member. 

• 

Under polarizing microscope, at least 6 zones can be distinguished. The differ-
ent zones are analyzed with electron microprobe, EDS and WDS respectively. 
More detailed (WDS) observation can divide it into 8 zones, and more meticulous 
fine-p.robe can even find more tiny zones. On the whole, the core of zoned Epidote 
is deeply colored, then it varies from deep to light tone alternately in direction 
rim-wards, and become more light in the rim. The analysis shows that the zone of 
deep color is charactered by enrichmew in iron (TFe 0 1_3.55-19.8%), slightly high 
content. of Ti, but some drop of Al. On the contrary, the zone of light tone has 
lower iron content (TFeO 11.60-13.50% ). The deep color zone of epidote has 

. higher refractive indices (Nm= 1.7651) than the light color zone (Nm= 1.7640). 
The decolo1ation of epidote near calcite veinlet of later stage is due to 

replacement of calcic hydrothermal solution. Analysis made by use of WDS and 
. 
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• 

EDS shows that some Ca and Al were introduced (CaO 25.60%, A120 3 25.10°/o) 
and Fe were removed (TFeO 11.66%) during replacement. Isomorphic 
replacement under solid state has caused the color of mineral becoming light and 
destroyed a part of original zonal structure. 

Epidote of this kind occurs as result of contact metamorphism between lime-. 

stone and diorite at Dongshanding, Fushan I1·on Mine, Hebei Province. In another 
locality, not more than 2-3 km away from Dongshanding, the epidote occurring at 
the same geological condition from Iron body No.7 is commonly twinned on f 100} 
and the untwinned crystal is scarcely seen . The twin on f 101} mentioned above 
has also not ·been found yet h'ere, due probably to some different conditions of 
their for1nation. 

mE INITIAL ANALYSIS OF SII .. VER ORES MECHAINISM OF ORIGIN IN 

CHINA 

WANG JINGCHUN, BEIJING INSTITUTE OF MINERAL RESOURCES AND 

GEOLOGY, BEIJING 100012, P.R.CHINA 
• 

• 

Nearly one hundred kinds of silver minerals have been discovered in our country. The most com­

mon silver-minerals are: tetrahedrite, argentite, acanthite, pyrargyrite, miargrite, nature silver, Au-Ag 

compound (Electrum) and silver-halicles. 

Studies indicated there's-notable difference of existing state and enriching abundance in different 
• 

• 

origining silver deposits. 

As known, silver ore deposits, which related to the hypomagma solution, has larger silver reserve 

and higher tenor. On the other hand, those, which related to hypermagma solution, is poor (meagre) in 
• 

both reserve and tenor. The silver ore deposits by cooperration of sedimentation and metasomatism has 

higher tenors and larger reserves than those by pure sedimentation. · 

Silver commonly enriched during the middle-later periods of hydrothermal solution activity. Jn 

some deposits silver enriched weathering period after hydrotherinal solution activity. For example, in 

volcanic ore deposits, the silver average tenors is higher than 100 g IT, some reach 500 g IT, and the 

reserves of this kind of deposits, more than a half over 200 tons and quite a few near thousand tons. In 

this kind of deposits, the mineralizing solution came from deep source, and silver mineralization occurcd 
• 

in the hydrothermal stage after the volcame eruption - sedimentation. Then silver minerals crystalizcd 

with sulfide simultaneously or a litt.le later. The silver mineralization intensity was decided mainly by 

diagenesis. If there were different periods of volcanic hydrothermals cooperate, silver usually enriched 

during the middle and latter periods. Silver has a quite closed relation with the mineralization of lead, 

zinc and copper. The silver contents in ores, during pyritization, which the mineralization temperature 

was somwhat high, is less than 10 g/ T, with the others, which formed during copper, lead andzine 

mineralization period, are over 100 g IT. the silver content of the lead-zine-poor steeped-stype ores 

are from 30 to SO g IT. 

The geochemical characteristic of silver decided its chemical affinity for some elements other. Dur­

ing certain mineralizing cnvirnments, silver could enter into some sulf osalts and sulfides selectedly. In 

general the selected sequence by silver is from Pb, Bi, Sb, Cu, Au, Zn, Fe, As to Sn. For example, the 

silver content of galena is about from 770 to 3100 g/ T. So we can say that silver has a very closed rela-
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• 

tion with lead. Bismuth is also very relative tosilver. In fact, silver ores are often associated with nature 

bismuth. Another quite relative clement to silver is autimony, For instance, the silver content of 

boumonite is so high up to 1200 g IT. For copper-bearing minerals, the silver content in Cu-Sb 

sulfosalt is higher than that in Cu~ulfate. For instance, in Yinshan deposit, the silver content in 

tetrahedrite could be 5700 g I J' and in chalcopyrite is only about 95 - 1300 g IT. It is obvious that 

silver prefers entering Sb-Pb sulfate phase to Cu sulfide phase. Gold is the next object which silver· likes 

to enrich in,the Iqniteless miscibility between silver and gold may help Au-Ag mixed-compound be­

come one of important silver-bearing minerals. But in huge silver deposits, the silver contents of 

hyperythrin and Au-Ag ore (Eleelrum) are usually less than S percent of general reserves. For example 

in Yindongshan silver deposit this kind of ore is only 1.24 percent of general reserves there, with 74.11 

percent of silver reserves was enriched in Jalpaitc. Both gold and silver come from hypo-source, but the 

difference of their selection to geologic envirnment of deposition is remarkable. 

The amount of silver entering sphalerite and pyrite changes regularity as mineralegenelic series do-

. ing. In Pb-Zn-Ag or Pb-Zn-Cu-Ag associations, if the mineralizing solution contained more zinc, 

then silver prefered enriching in Zn-sulfide to Fe-sulfide. In fact, in this kind of silver deposits, the sil­

ver content in sphalerite is twice to thrice as that of pyrite. On the contrary, in single silver deposit, zinc, 

lead and copper was poor, so silver was enriched in pyrite, by the way the silver content in pyrite would 

be 700 - 1000 g IT. During supergene mineralizing stage, silver did still firstly associat with lead, the 

anglcsite could contain so much silver, up to SOO g IT. In this kind of carriers, silver came out as 
• 

micro-enclusure mainly, or some as amorphons phase and lattice-held silver. Silver is miscible with 

them at high temperaturen and exsolute from them when temperature decreasing. The main reason of 

that silver could associate with lead, zinc and copper closely is that the structural difference between sil-

ver sulfide, sulfosalt and Pb-Zn-Cu silfide is small. · 

The characteristics of silver ore association in volcanic rocks is that they come out as silver-rich 

mineral phases, for example, argentite-acanthite, nature silver, Au-Ag electrum, jalpaite, stromeyerite, 
-

nakaseite, pyrargyrite, polyhasite and hessite. The order of crystalization is: during early period of 

hydrother111al activity, a little argentite was crystallized and tetrahedrite, pyrargyritc begin to appear un­

til middle period of hydrothermal activity. Electrum began to crystalizc at the end of early period of 

hydrother1nal activity when the silver in mineralizing-solution would get more as the time elapsed. Na­

tive silver began to crystalize at the later period, and be enrichecl furthur under the supergencsis. During 
• 

the middle-latter stages of hydrothermal activity, a large number of silver sulfate minerals crystalized. 

Till later period of hydrothermal activity, silver sulfidcs and metalmixed-compound (hessite, 

iodargyyite, chlorargyrite) began to enrich. 

GENETIC MINERALOGY STUDY OF Y AOGANGXIAN VEIN 
' 

TUNGSTEN ORE DEPOSIT 

• 

Wang Shun-jin, Department of Geology, China University of Geosciences, 
Wuhan, Hubei, 430074, People's Republic of China. 

Yaogangxian tungsten deposit is a vein and skam ore deposit. In this 
paper discusses the vein wolframite deposit. The typomorphic characteristics 
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of minerals, the paragenetic association, fluid inclusion, isotopic chracteristics 
and polytype are researched. 

The mineralization of YGX ore deposit is divided into two periods and 
five stages. The main of ore-forming minerals occured at higher temperature 
stage of hydrother1nal solution. 

The contrast of wolframites which occured in the different direction of 
• 

wolframite-quartz vein , NW, NWW) is made known that develop-
ment of tungsten bearing hydrother1nal solution is regular. \Vloframite o~ 
curing at early stage of mineralization ha~s lower value of Mn I Fe and higher 
content of Nb, Ta, Sc, Mg and Ga.In same wolframite-quartz vein, chemical 
composition of wolframite has the above-mentioned regularity . Study fluid 
inclusion of quartz, chemical and electron microprobe analyses of wolfra1nite 
proved wolframite occuring at higher temperature has lower value of Mn I Fe 
and higher content of Nb, Ta, Sc, Mg. Belt structure of monocrysta.11 of 
wolframite shows that wolframite has more iron than the later stage. 

Hardness of wolf ramite is in inverse proportion to the content of 
MnW04.X-Ray powder diffraction analysis shows that the value of 
MnO I FeO has positive correlation to d(400) of wolframite and d(l 11) is re­
lated to Ca. 

Most of arsenopyrites are positioned in the lower part of the 
wolframite-quartz vein. Paragenous arsenopyrite with wolframite only oc-

• 

cured in a few place of the vein. The value of As I S of arsenopyrite is in di-
rect portion to the temperature of crystallization. 

The chemical compositio~ of arsenpyrites of various metallogenic stages 
• 

and monocrystall showing in Table 1 and Table 2. 
. -

Table 1. Chemical composition of arsenopyrites of various metallogenic 

stages. 
Sarnple Metallo genie 

Stage As S Fe As/ S 
49 S-2 1 31.33 32.16 36.50 0.97~ 
501-16-2 2 27.84 29.01 43.15 0.960 
501 16-2 3 23.72 36.13 40.15 0.657 
Table 2. Chemical composition of monocrystall of arsenopyrite 

Place of 
Crystall As S Fe As IS 
core 31.34 36.22 32.44 0.865 • 

margin 27.87 36.23 35.89 0.769 
Gold content of arsenopyrite from No.58 vein is 0.5 g I t, 49-501 vein is 

0.223 g It (average.value). 
The 1nineralization stage of molybdenite belongs to the medium tempera-

ture of hydrother1nal activity. It is short of Se(0.00014) and Re(0.0007) 
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(wt%); polytype of molybdenite are 2H and 2H:3R -1:1. 
Feld~par, occ11rred in tungsten vein of YGX, is orthoclase(Or 62-74%) 

• 

and microcline(Or 76-96% ). The higher content of Rb(Rb20 0.205-0.344%) 
• • 

make clear feldspar originates from granitic magma. 
According to content of micro-elements and physical properties of 

muscovite, all of the muscovite occurring in the tungsten bearing vein are 
hydrothermal genesis. The polytype of muscovite is 2M1• 

Cassiterite and bo11rnonite are researched . 
• 

The homogenization temperature of inclusion of quartz and isotop of 
oxygen of quartz and wolframite showed the formation temperature YGX 
vein t11ngsten ore deposit is 175-338t. 

Fluid inclusion study of quartz make sure the composition of 
• 

mineralization fluid is short of F and rich in Ca, Na, Cl and HC03-, 
pH-6.42-7.20. . 

The mineralization temperature gradient and the variation of chemical 
composition of minerals showed, YGX ore deposit has rhyth1nic ventical 
zonation. 

. 

A BTUDY OF MINERALOGICAL PROPERTIES AND MINERALIZATION 
... 

OF WOXI Au-Sb-W DEPOSITS 

Weng Lingbaq,Fan Jiang,Wang Pu, Department of mineral-
• • 

ogy-Petrology-Geocheaistry, China University of Geo-
sciences, Beijing 100083~ People's Republic of China 

Woxi Au-Sb-W deposits occur in . the interforaational 
faults developed in purple slates of the Proterozoic 
Madiyi group • 

. 
• • 

According to the data obtained fro• mineralogical 
' 

studies, we divided the deposit into five stages of 
mineralization: I. early quartz carbonate,lL. quartz 

' 

scheeli te( wolframi te), .Ill. qua!'tz pyrite native gold; . 
• 

I.quartz stibnite native gold,f.later quartz carbonate • 
• 

Baseci on the study of composition, cell pa.rameter, 
. 

crystallinity and the systematic comparison of data 
obtajned ·by using electron magn~tio resonance, thermo­
lllllinescence, infrared, spectum and ete., ·the · differ-
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nces between mineralized and non-mineralized 

uartzs are very distinct .• 
Mineralized quartz has higher content of i•pure 

eleaents, higher intensity of thermoluainescenee(1.39 

higher concentration of 0 (Al), E centers, lower cry­
stallinisty grade(CI=0.41-0.51),H.o and COLabsorption 
band in inclusions infrared spectum are obvious, and 

• 

has· ~lower DH~o /Dc.o.,. ratio • 
• 

Contrasted with mineralized quartz, the non-mineral-
ized quartz has opposi ti v.e charaeteristiea: lower· 

impure elements,.. lower intensity o! thermolt1minescence 
(4.35X1o-'~ic) and higher temperation(2?0°c), lower con-

• 

centration of 0-(Al), E centers,. higher erystallinisty 
. 

grade ( CI=O. 9) t · absent CO 2 absorption band. 
There are some differences among mineralized quartz 

o! tungsten, antimony and gold.Gold mineralized quartz 
has the highest content of impure e~ements, inteDsity 

• ,,. 
of thermoluminescence and ·concentration of O (Al) 
centers, but the temperature or thermoluminescence 
peek and crystallin grade lower. 

As.cu,zn,bd,.Co+Ni hav.e positive correlation with 
Au in pyriteo Therefore, all of these elements are 
favourable indicators tor gold prospecting-. Gold 
contents in fine-allomorphi~-granular pyrite is higher 
than coarse-idiomorphic-granular pyrite. About 90% 
pyrite crystal presents P thermoelectricity type~ It 
indicates that the mineral.ization or the deposits 

is better at_ depth •. 
-

The content or Al,K,Na in quartz is relative lower 

I 

and the cell p·aremeter Vo of quartz is less than 
113.0001

3 and Co/Ni<1, S/Se?30000 in pyrite, and the 
lower content ot t~tal rare earth elements in scheelite 
indicate that the ore-forming process is related· to 
metamorphic and hydrothermal processes • 

. 

-113-



TYP01,"'0RPHIC P~CULllill.ITIIt"' OF THE GARN~T FRO~~ roNG~E· liNGltiI.l\.O 
• 

POLTI•lETALLIC ~ULPHiljE v~o~rT IN THE NORTHERN ~lARGIN OF 
NORTH CHINA PLATPUR1·1: THIER i.:)IGNIFICAliCE m ORE:..PROdPECTilIG 

• 

Xia Xuehui, Geological Institute, lvlinistry of Chemical Industry:, 
Zhuozhou, Hebei 

• 

Dongshengmiao polymetallic sulfide deposit ia ona, of the su­
perscale sulfidadeposits developed within the polymetallic min­
eralization belt along the northern margin of north china platfo­
rm. utratigraphically, tha mining area is characteristic of tha 
middle-late proterozoic Langshan group, a se~uance conaistjng es­
sentially of carbonaceous phyllita.., dolomite-marble, and dimicac­
eous quartz schist, all of low. metamorphism aa g.reenschist facies. 
In addition, volcanic rocks are found in the sequence, and al~o 
beJ.ieve to be an ore-bearing sedimentary formation. The minerals 
of garnet group, regula.rly distribuling, commonly in belt over 
the mining area, have a clase relation to mineralization, so 

. 
Table. 1 Chemical composi~ion 

nets 
and typomorphic.:: peculiarities of Gar-

a.Jample 
number 
Rock( ore) · 
name 
~iO ("°' 

c. 
Ti0

2
· 

i\120 3. 
FeO 

MgO 

CaO 

Na 0 
2 

KO 
2 

Cr
2
o

3 
Total 

lvln/Fe 

Cell par­
ameter Ao 
Qrystal 
form 

BG-19-1 

~tripped 

Zn-~ ore 
35.44 
O.Z{ 

19.17 

8.62 

33.44 
0.56 

2.38 

o.oo 
o.oo 
o.oo 

99.88 
3.88 

• 

11.598 

(110) 

Grain ( ) mm 0.2-0.5 size 

Refractive 1•8031 
index 

• 

BG-19-2 

.:>tripped 
.... Y' • ' 

~n-1.::> ore 
36.oo 
0.65 

. 19.02 

8.32 
. 33.67 

0.23 

2.25 

o.oo 
0.08 

0.24 

100.46 

4.05 

11.594 

(110) 

1.8052 

CK160-419 

;_jtripped 
t':I' '• L.n-u ore 
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36.28 
~--~--

20.68 

9.05 
29.81 

0.73 

2.47 
o.oo 
0.01 

o.oo 
99.03 
3.29 

11.593 

(110) 
• 

BG.-16 

Garnet­
phy 11 i te 

36.64 
o.oo 

19.16 
18.18 

23.63 
o.oo 
2.44 
o.oo 
o.oo 
o.oo 

100.05 

1.30 

11.635 

(211) 

1.8159 

CK160-:-32 

Garnet­
phyll i te 

36.59 
0.05 

20.7 3 
20.84' 

18. 70 

0.08 

2.59 
o.ou 
0.08 

0.29 

100.13 

0.90 

11.610 

(211) 

2.5-5.0 

1 .8228 



• 

the present paper deals with them and gives their typomorphio 
characters with respect to chemical compositions and pby"sical 
properties. (Table.1) The garnet minerals reveal an unique radi­
al, similar to the light of the sun, . crystal texture, tending 
to be high in llm and low in :t.1g and Ca. Tha 1-m content and )Ji to 
Fe ratio vary as a function of mineralization, as indicated by 
the progressive increase in the Mn/Fe from 0.9 in the country 
rocks to 4.05 clase to .tha ore bodies with these changes, . the 
crystal forms also transit f'rom (211) to (110), t~e 1mit cell p-
arameter Ao :from long to short, and the crystal colours from 
brown red to grBJ" white. The meaningful comparison of the patte­
rn {particularly the vibrational band L) of infrared spectrometry 
with the compositions of the g.reenlandite points out that the 
band becomes heighened with the decrease in the molecules of the 
mineral that is, the two are negatively related. 

Based on the above studies, a conclusion is easily drawn th­
at .the Mn rich garnets can b~ attributed to the autometasomation 
of the hydrothermal fluids derived from submarine exhalations. 
This mea.~s much emphasis on the researches on . the garnet mineraJ.­
s, not only on the ground of the:i%· mineralogical implications but 
al~o of being helpful to ore-prospecting • 

• 

' 

• 

THE~ a·E:N:E1I'IC 1-1INERAJJJGY RESEARCH FOR PYRITE OF POLDiETALLIC SULFIDE 
• 

• 

DE::rosIT Ill OONGSH!tJNGMIAO' INNER MONGOLIA 

Xia Xuehui, Geological Institute, 
Zhuozhou, Hebei Province 

Ministry of Chemical IndtJstry, 
• • 

Dongshengmiclo super-large sulfide, polymetallio deposit is 
located in the northern margin of North china platform. The depo­
sit was not only controlled by proterozoic characters but also h­
ad close relation with the strata and lithological characters of 
Langshan Group, which belongs to a timecontrol-stratabound deposi­
t. As a major mineral, pyrite is widely distributed over the pol­
ymetallic deposit of metamorphic rook system in Langshan GrQup. 
This paper refers to the ftJr•ther study on the typomorph and origin 
of pyrite in order to provide some information for such deposit's 
genesis and exploration. In Dongs~engmiao deposit, the py»ites w­
ere formed from tha initial sedimentation to regional metamorphism 
Tha pyrites can be classified into following five different types 
according to their ooourences, intergrowths and relations between 
texture and sti·u.oture: 1. Microgranular pyrite, which appears like 
stars in the carbonaceous belts of dolomite. The grain size 0.002 
mm, and mainly occur as allotriomorphic granulars; 2. Nodular py­
rite, the nodules are composed of pyrite, sometimes the mioro 'f'r­
amboids can be found in it. Nad.ules are ustia.lly enclosed by cJno-

• • 

pyrrhotite and sphalerite. They are in different sizes but in hi-
gh rormdness; 3. Concentric ring pyrite, the.. concentric rings, 
like ooides and grain .size 0.1-0.25mm, can reach 7-9 rings; 4. 
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Recrystalline-large grain pyrite, they obviously display the min­
eral annealing reoryslalline with foam structure. The tria.xia.l 
inclUded angles oft pyrite are 120° the grain size 0.25-0.5 mm, 

··and crystal· forms are mainly (210 , (100); 5_. Vein pyrite, this 
kind of pyrite oecutTed as vein and crack fillings. The crystal. 
forms are (100) and grain size. o.1-0.2mm. 

The chemical analysis resaults indicate that the atomio · rat~· 
ios of Fe:S are different · in above five kinds of pyrites beca­
use they ._ere formed in different physical and chemical conditio­
ns.· In 1. 2, 3. pyrites, the values of S/Fe are high, so some ex­
tra S even appeared in them , showjng FeS2+x· Calculation indica-

tes that the mineralization often occurred in a high sulfur- fuga­
city environment. Since the sulfur transpiration OaJDe · into bloom 
system in 5 pyrite, so it lacked of sulfur. The regular changes of 
sulfur in pyrites displ~ the sulfur fugaoi ties were gettjng law.er 
and lower· f'.rom the pyrites formed in a cut-off systematic sedimen­
tary ba.sin to that in,· . a sulfide active environment. According to 
calculations, the main reason for lacking of sulftn' in pyrites is 
the sulfur's differential pressures depressed. in the open system 
so that the ideal proportional relation of anion-cation was dist­
roied. 

The trace elements show that Co;lfd. ~ 1 in 1. 2. pyrites, but 
Co/Ni> 1 in 3. 4. 5. pyrites, especially the pyrite in breoaiated 
Zn-S ores, Co/Ni> 5. The resaults of trace elements analysis from 
thirty-two pyrite samples on Co-Ni illustration , comparing with 
the typical deposits abroad and home, reflect that they are not 
only sedimentation but also hydrothermal process characters • 

. 
Accordjng to the me~urement of cell parameter in pyrites, 

the higher Co content is, the larger .cell parameter Ao is. In vein 
pyrite, the vacancy of crystal lattice made Fe-S ooralent bond s­
tronger and the bond distance got shorter so that cell parameter 
became small. The cell parameter, reflective power, specific gra­
vity as well a.a hardness eto , ~- - · display the typomorphio pe­
oul iar i ties of different genesis for these five kinds of pyrites 
in this region. Tempretures of forming pyrites were 90-150°0; 230 
-250°C; 380-400°0. The metallogenetio tempretures were consistent 
with the mineralize periods. 

The mineralogy research 9f pyrite shows there had been four 
mineralization periods: initial sedimentation-hot brine metallog­
enesis-metamorphic recrystallization and local mobilization affe­
cted by deute-magmatism. The metallogenesis indicates that the d­
eposit types were f'rom initial sedimentation transittjng to hot 

' brine sedimentation. Regional metamorphism and local mobilization 
• 

could only transform this deposit in different degrees, which ma-
de the pyrite body richer. . 
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RESEARCH ON MINERALOGY OF DONGBEIZAI GOLD DEPOSIT 
FROM SONGPAN, SICHUAN, CHINA 

Xu Guo.f!ng, Zhou Xuewu, De/)artment of Prospecting, China University o.f 
eosciences, Wuhan, Hubei, 430074, People's Republic o.f China 

Dongbeizai gold deposit is located in Songpan county, Sichuan province, 
China. It is a fine-disseminated deposit contained in carbonate-elastic formation, 
and controlled by the Kuashiyia Fault (FI) and associated structures. 

This paper has dealed with major mine rals found in Dongbeizai deposit, ana-
. 

lyzed native gold, pyrite, realgar and quartz for their morphology, composition, 
texture, phycical property and spectrum characteristics, deteormfued in part prop­
erties for stibnite, arsenopyrite, ar.senic and calcite, and finally discussed the miner-· 
al genesis and typomorphic characteristics for prospecting . 

The authors have suggested that the Dongbeizai deposit is an epithermal de-
posit associated with hot-brine, and is comparab1e with the Ertaizi gold deposit, 
Shanxi, and the Carlin deposit in United States. The following minarals can be 
used as prospecting criteria for ''Dongbeizai deposit''. 

(1) Pyrite: finely disseminated as small pyritohedron, with dull luster, 
green-yellow colur, rich in As (3100-51600PPm) and containing some TI 
(0.8-llPPm), Au(>lPPm), its Co/Ni<l, S/Se = 53600 (in average), the cell 
parameter a> 5.4170A, the visual reflectaince Rvis< 54%, the purity of 
excitement Pe> 13.2%, tl1e thermoelectricity coefficient a= 100-300 uv I °C. (hole 
conductivity), the microhardness (vhn) < 900 kg I mm2

, and with three infrared 
adsorption spectrum peaks (about 412 I cm-1 for the str.ongest one). 

(2) Realgar: occurring in an eyed or striped shape, rich in Sb (4410-5450 
PPm) and containing some TI (0.3-1.2 PPm), with low visual reflectance, low puri­
ty of excitement, strong infrared absoption, with two peaks (about 340 I cm-1 for 
the strong and 370 I ~m-1 for the weak). 

(3) Quartz:. occurring as poly-vein, with gray and white colour, rich in 
As(5.58-34.56PPm), containing structural aluminium (A120 3: 0.17°/o-0.26~10) and 
corresponding alkaline elements, its cell parameter V 0 > 112.985 A 3, with 
three-peak thermoluminesence curve. 

After assessing the gold mineralization at depth of the district, the authors 
come to a conclusion that the Dongbeizai gold deposit has a vertical zoning with 

• 

gold occurring beneath realgar, and its potentiality might be considerably large be-
cause of its good presoroation. 

• 

ELECTRONIC CENTER-HOLE IN PYRITE,THE APPLICATION TO 
PROSPECTION OF GOLD ANO A DISCUSSION ON rflIE MECHANISM 
Xu Hong, Department of Geochmistry, Changcht1n University Of 
Eartll Sciences,Changchun, Jilin,130026,P.R.China 

• 

The nature of electronic center-hole jn pyrite might be 
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reflected by its thermo- valt. The pyrite tested are sampled 
from Tuling-Shihu Gold Mine, 1Jingst1oti, Hebei,which is magmatic 
hydrothermal quartz veins in genesis. MGT-1 thermo-electronic 
spectrometer is used to ana]yse more than 200 pyrite samples ( 
20 grains per sample, 40-60meshes~n size). The meassurement 
shows that some samples yield negative thermo-valt value 
(electronic center type conductor),some yield positive value ( 
hole typi conductor),but the majorities sl1ow both negative and 
positive value.Therefor, compensation valt Vnp (Vnp=DpVp-DnPn, 
D is the weighting factors of nt1mber of grains) is t1sed in di-

. 

scussion .. The result is that the Vnp vaJ.ues grade from positive 
~ in the centers of the ore bodies outwards into negative in 

the host rocks.The distribution j .s symmetrj.c and the positive 
value .is concordant witt1 the ore bodies. Tt1e Vnp within the 
veins decrease downward a11d the absolute value of Vnp in the -• 

host rocks increase outwards. Tl1e Vnp of pyrite shows corela-
tion with the burial depth: H=-207.9451+8.5Vnp, r=0.9071>r 
(critical)=0.811. This is applicable ·to prospecting ore bodies 

. 

in the depth, which has been proved by drilling in the 
m.ine. The Vnp, however, show · no rela·tion with the grade of -
ores. Steped regression of Vnp with the component of pyrite 

• 

shows: Vnp=4.3569+2.2696Sb-0.0104Co-0.1370Ni, indicating that 
• • 

the three elements are ~the principle impurities affecting Vnp 
value.Observation under microscopes and electron probe reveals 
that Sb, Co and Ni occu1-- in the form of .isomorph . The posi-
·ti ve correlation bet{veer1 Vnp and Sb indicats that Sb causes 

hole in pyrite,while the negative relation between Vnp and Co, 
• 

Ni in pyrite might be explained by tt1e electronic center re­
sulted from these impurities. Sb StJbst.i tt1tes s, which resu .l ts 

-j_n the extra negative charge in certain areas of the crystals . 
• 

and subsequently the capture of posjtive charge--ge11eration 
of hole. It is generally accepted that the stibstitution of Fe 

• • 

by Co 2
+ and N1 2

• can not result in electronic center unless 
their valence. is higher than Fe 2

+. It 1s possible, however, 
that the introduce of · Co and Ni might cause the deficicnce 
of S,rest1lting in electronic center. Syr1thesis of pyrite 

· was conducted (10 grains per sample),wh1ch shows that: the As­
bearing pyrite's Vnp is -10.26; ·the Vnp of Co-bearing pyrite 
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is -12.82mv and ·~he pure pyrite yield +4.26 V11p value.The sta­
tist ics and t;he expriment indicate tt1at Sb and As result in 
hole while Co and Ni might :. _ -~ .' cause . electronj.c cer1ter. 

Why the Co, NJ I'esul ·t: in electronic center requires further 
r ·esearch. 

• 
• 

THE INFRARED SPECTRA OF QUARTZ THIN-SECTION AND ITS 
APPLICATION TO THE STUDY OF MINERALIZAION IN GOLD 
AND TIN DEPOSITS, EASTERN JUNGGER, XING JIANG, CHINA 

. . 
Xu Qingsheng and Shen Xiangyuan, Institute of Mineral Deposits, Chinese Academy 
o.fGeo/ogical Sciences, Bei.Jng, 100037, People's Republic o.fChina 

• 

• 

, The infrared spectra of quartz thin-section may be used to study fluid inclu-
sion in quartz and to determine its genesis. In gold deposits, this method can be 
used to. discern auriferous quartz vein from non-auriferous one, and, thus, to as­
sess gold deposits effectively and cheaplyl; in tin deposits, it provides us a new ap­
proach to study the physical condition of ore-forming. process. 

On the infrared spectra of quartz thin-section from six gold deposits in east-

• 
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• 

Fig 2. The infrared pectra of quartz 
thin-section from the tin deposits in 
eastern Jungger. 

Fig 1. The infrared spectra of quartz thin-section from the gold deposits in 
eastern Jungger. 6HY Sabei. 6KA--Kamosite. 6K,6B Beilekuduke. 
6N--Nanminshui. 6S--Jinshan 6Q-1 Qingshui. L3_2--Xiaojingou . 

• 

6Q-142--Hongshan. 6J Jinshangou 
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em Jungger (see fig.I), the absorption bands of water are all relatively clear, but 
show different relative-absorbance for water; the relative-absorbance for water 
will be higher with the increase of fluid inclusion in quartz. According to the re-

. search, if the relative-absorbance for water is higher than one, the quartz probably 
is auriferous, if the relative-absorbance of water is lower than one, the quartz may 
be non-auriferous or the gold content of quartz is very low. In the Nanminshui, 
Jinshangou, Qingshui and Hongshan gold deposits, the relative-absorbanc~ for 
water is higher than one; in the Jinshan and Xiaojingou gold deposits, the 

• 

. relative-absorbance for water is lower than one, so the gold content of quartz in 
th~ Nanminshui, Jinshangou, Qingshui and Hongshan is higher than that of the 
Jinshan and Xiaojingou (we can draw the same conclusions from the study of fluid 
inclusion in quartz). 

The infrared spectra of quartz thin section from three tin deposits in eastern 
Junggcr(see Fig.2) show that the infrared spectra can not be used to distinguish live 
quartz vein from non-live quartz vei11; the relative-absorbance for water has a def-

·. inite relation v,1ith the homgenization temperature of fluid inclusion in quartz, the 
higher the homgenization temperature, the lower the relative-absorbance for wat­
er. In the Sabei tin deposit, on the infrared spectra of quartz thin-section, the 
absorption band for water is very weak, it explains that the Sabeitin deposit is 
mainly for1ned in a hypogene and poor in water environment, it belongs a kind of 
hypothertnal and in part pneumatolytic deposit. In the Beilekuduke tin deposit, the 
relative-absorbance for water couldeither be both high or low, so the ore-forming 
fluid was varied, there should be hypothermal and pneumatolytic in part solution, 
as well as mesothermal and epithermal solution. In the Kamosite tin deposit, the 

• 

relative-absorbance for water is rclati,rely high, showing that the ore-forming en-
vironn1ent in the Kamosite is hypabyssal and rich in water, compared with the 
Sabei a11d Beilckuduke deposits. ... 

GlJSHFIL LEAD-ZINC DEPOSIT, IRANKUH·, IRAN; A PROPOSEI) 
MODEL FOR THE MINERALIZATION OF THE DEPOSIT. 

Abdelrnajid Yaghubpur, Department of Geology, Tarbiat 
Mealem University, 49 Mefateh Ave. Tehran, Iran. 
Fireuz Alinia, Mining Institute, Amirkabir University 
of Technology, 424 Hafez Ave., Tehran, Iran. 

Gushfil lead-zinc mine is located in Irankuh 
range, about 20 km. south of Isfahan. The mine · is in 
Mesozoic sedimentary rocks and the following rock 
units are prese~t in the prospect; a)Black shale as.so­
ciated with some barite and iron-hydroxide veinlets 
which is Jurassic in age and is the main roc.k unit 
in the prospect, b) Dark gray to gray dotomite associ­
ated with several calcite and barite veinlets, which 

• 

lower Cretaceous in age, c) Massive orbitolina limes-
tones,which are gray in color · and have calcite,barite, 
and in part iron hydroxide veinlets1 d) Argillaceous 
marl,grayish-white in color forming . the crest of 
the mountain ranges. . 

. 3 5 .borehole s amp I es were logged and the mi nera-. -
lized parts have been drawn in several profiles. 
Appparen t 1 y the main ore body is i·oca ted in the 1 ower 
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part of the dolomite and the percentage of the lead 
z i n c m i n er a 1 s v a r i e s f r o rn I e s s t .h an o n e per· c en t t o 
over 17 percent for lead minerals and from less than 
one percent to over 30 percent for zinc minerals. The 
major ore minerals are· essentially galena and 
sphalerite. The main gangue minerals are pyrite, 
barite, calcite and quartz. The variation of the 
enriched part of the ore body is also observable in 
different drill holes to be at different depth. 
Putting the depth d.ifferences together in the profiles 
parallel to the strike of the beds and prependicular 
to the s ·trike of the beds it sho.wed · that in the Gush­
f i l mine we have a part of an inclined anticline with 

• 

mineralization occutring as saddle reef type vein on 
. 

the crest of the fold and in the Gushfil mine the · top 
part of the vein has been eroded and the bottom part 
showed an aparently reverse sets of the beds which are 

' 

actually the overturned limb of the fold. 

CHEMICAL AND GENETIC DATA FOR TURQUOISE 
Yakhontova L.K., Plyusnina I.I., Soboleva T.V. 
Dept.of Geology,Moscow University,Moscow 119a99,uss ~ 

Turquoise from Middle Asia and· ·Arm.enj a occurences 
h.as been studiedoA n1_.1mber of samples has been an~ly . 
sed by IR-spectroscopy with deuteration ·(Specord-75 
IR; 3000· 'f-00 cm - 1 ) ; two equally important phosphate 

anion has been sound by absorption at -~885 ·, 2825, · 
1200,11a·o,1160,1057,1012.90a,a37,770,765 and 693 cm·:'l 

• • • 

Characteristic· bandshifts in deuterated samples gave 
a confirmation of ·the IR-bands to belong to OH-osci l 

struc­
tl1re .So the · most plausible tt1rquoise forinula is 
CuAi6 [P04 ]·2 ·(HP04}2 (0H)'1o -4H2o. 

o main stages of turquose formation have been 
~efined in our studies of mjneral genesis: 

)A low temperature,bydrothermal stage where vein 
i1rquoise associated with quartz and pyrite was for-

• 

~ed(quartzified turquoise). 
• 

2)A hypergenous stage related to the actual weathe-
processe·s•It implies· an intense kaolinization 
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• 

·of the · embedding quartzf'eldspathic· rocks ·and evolu­
tioh of turquoise i.e.impregnation of the mineral 

' • • 

with allophane,opal · and kaolinite followed by intense 
' ·amorpbisation and ·stabilisation of the specific 

relations .between·Cu, Al and Fe'• • 
• 

• 

• 

GENETIC CLASSIFICATION AND CHEMICAL COMPOSI-
TION OF CHLORITE MINERALS AND THEIR CHARAC-

• • 

TERISTICS OF CHEMICAL EVOLUTION. . 
YANG MINZHI Tianjin Geological Academy, 42 Youyi Road 
,Tianjin, People's Republic of China. 
Based on study of geological occurrence, physical features and chemical com­
position of the chlorite minerals, which occur in sedimentary-metamorphic 
iron deposits, and in Au.Cu.Mo deposits related with granite, as well as the 
chlorites related with ultrabasic-basic, acidic, volcanic rocks in dis~ricts of 

• 

North and North East China, . 
a systematical study has been done on 251 chlorite mineral samples with 

• • 

11 different occurrence, collected on 24 sites. 
Through We have conducted the Polygroup discrimination analysis on 

the chemical composition and genetic-occurrence of 852 chlorite mineral 
samples, We tab Ii shed. the compositi·on-genetic discrimination f ormule of 
chlorite minerls including 3 groups e.g. Magnesia - chlorite, 

• 

Ferri-magnesio-chlorite, Ferric-chorite, and the average values of chemical 
composition and the order number of chlorite, and ibentified five 

• 
• 

geochemical-genetic areas and discribeted.· the evolution characteristics and 
indications on their genesis. -

• 

( I ) .. · The chemical composition-genetic classification of chlorite minerls and 
their average values of composition are as follow: . 

-
1 Magnesco-chlorite minerals: · pennine, sheridanite, 

chinochare; 2 Ferri-M agnesco-chlorite minerals: ·corundophilite, delessi te, 
prochlorite, and repidalite; 3 f erric-chlorite minerals: chamosite, 
thuringite, and daphite, The everage value of composition and their number 
order about each group of chlorite minerals are: 
Mag100Fer0·, Mag80Fer20, Mag60Fer40, Mag50Fer50, Mag20Fer80, Ma&Fer100. 
(II).. The classification and discremination for1nula of chlorite ~lfinerals: 

Plotting by discremiitation functio~ F 1-F2, F2~F3, of 3 group chlorite 
• 

minerals they are concentrated in 3 areas with two lines A.B.as boundaries. 
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Composition • 
• Number Number a vcrage value Si02 Al203 Fe20 3 FeO MgO H20+ 

of Sample of order mineral • 

• 

Magn.esio 
• 

Mag100 31.55 16.79 2.01 4.52 30.06 12 .. 39 285 -chlorite Fer0 

Ferri-Magnesio- • • Magso 28.29 20.50 4.54 17.72 16.47 11.88 175 cblorite Fer50 
• 

Ferri-
26.47 26.40 8.16 24.41 3.49 8.65 392 Ma& 

chlorite Fer100 

F 1 =7.13Si02+4.68Ti02+5.14Al20 3+5.98Fe20 3+5.87Fe0+4.50Mn0+6.49 
Mg0+5.13Ca0+ l .37H20+ + 3.62H20--283.16 
F2 = 7 .29Si02+4.59Ti02+5.31Al20 3+6.26Fe20 3+6.25Fe0+4. 79Mn0+6.13 
Mg0+5.28Ca0+ 1.41 H2o+ +2.49H20--288. l 3 
F 3 = 7 .36Si02+4.52Ti02+5.44Al20 3+6.4 7Fe20 3+6.45Fe0+5.15Mn0+5. 72 
Mg0+5.29Ca0+1.31 H2o+ +2.68H20--293.69 
Magnesio-chlorite F 1 > F 2 > F 3• F erri-M agnesio-chlorite F 1 ~ F 2 ~ F 3• 

Ferri-chlorite F 1 < F2~F3• 

(ill) .. The geochemical characteristics of evolution on chlorite minerals genet­
ics classification areas According to the analysis and study on their geological 
occurrence, mineral association and F1-F2, F2-F3, discremination diagram, 
Five geochemical genetic area have been deter111inated as: 
I .ultrabasic rock genetic area, predominated by Magnesio-chorite 

. 

Il .Basic rock genetic area. predominated by Ferri-Magnesio 
chlorite, Magnesio-chlorite; 
ill.lntermidiate rock genetic area, predominated by 
Ferri-Magnesic chlorite. 

IV .Acidic rockgeneticarea, predominated by Ferri Magnesio 
• 

chlorite, Ferri-chlorite; 
. 

V .Sedimentary Metamorphic and Sedimentary genetic area, pre-
dominated by Ferri-chlorite. 

I.The volcanic eruption cycle is shown from basic · ~intermediate· >acidic 
rocks and chlorite mineral species form Magnesio· > Ferri-Magnesio· > 
Ferri-chlorite sequentially. · 

. 

2.the evolution of hydrothermal-replacement process of basic rock from 
• 

Ferri-Magnesio chlorite to Ferri-chlorite. · 
3.The. evolution of hydrother1nal process of acidic rock from 

Ferri-biotite to Ferri-chlorite. · 
• 

4.The metallogenesis evolution of sedimentary iron deposits form basic 
volcanic rocks to v.olcano-sedimentary iron deposits correspon<:fents to 
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• 

Magnesio-chlorite to f erri-chlorite. 
(IV}.. The indication significance of the genetic classification and the genetic 

• 

area. We suggttste thet the genetic diagram and classification of chlorite min-. . 

erals could be used as the guide to divid the metamorphic phase and zones, 
the de·termine their original rock types of metamorphic rock, to correlate the 
stratigraphy of metamorphic rocks. they also could provide important inf or­
mation on hydrother111al, hydrothermal-replacement process and volcanic 
eruption cyc~e and be regarded as the ore-finding marks on Au, Cu, Mo,Fe 
deposits. · 

THE DEFECT RESEARCH ON INTERFACE MINERAL CRYSTALS 
• 

OF GEOLOGICAL SOLID 
• 

YU Xinzhen, Li Pei/an, Department ofGeology, Central-South University o.fTech­
nology, Changsha, Hunan 410083, People's Republic o.fChina 

. 

The interface mineral of geological solid is the basic composing unit of geolog-
ical solid edge. The history of crustal movements,their nature and intensity, which 
the geological solid had experienced during the process of crustal evolution, were 
first recorded by interface minerals,and related information was stored. Based on 
this concept, multiphase granite bodies in Xihuashan, Jiangxi,are taken as an ex­
ample and a preliminary research has been made on the defect (micro-structure) 
character of the interface minerals (orthoclase and molybdenite) of the II-type in 

• 

the rock bodies.In terms of the rock-forming process of Xihuashan granite bodies, 
the study suggested that the magma of each phase underwent subsequent 

• 

differentiation after its intrusion due to liquid immiscibility, resulting finally in 
formation of the Xihuashan rock bodies. 

• 

We studied the defect character of the orthoclase and molybdenite has been 
. 

studied by using SEM CL and TEM. It has revealed that all kinds of the 
orthoclase belonging to y;8', y;b and pegmatoid have the feature of cathode 
luminescence. but they have different luminescence intensity. After having gone 
through the simulated experiments of static physical matallurgy, the luminescence 
phenomena of orthoclase which have different modes of occurance are absolutely 
different from those which have not undergone relative treatment. The cathode 
luminescene microstructure of orthoclase shows that not only is the orthoclase 

• 

luminescene related to its trace ingredients (Fe2+,Ti4+),but also1o temperature envi-
ronment· and its change. The TEM analysis has revealed only a little free disloca­
tion in the orthoclase having different modes of occurrence and no typical · struc­
ture of deformed defect has been found, except for exsolution micro structure. It 
indicates that orthoclase having different modes of occurrence has experienced the 
same process that changed from the single solid phase to the two phases. The 
molybdenite having different modes of occurance don't have luminescene 
phenomena, but there exist common lumin:escene phenomena of the type of inclu­
sion volume defect. Through physical metallargy experiments and TEM analyses, 
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we know that a lot of .disloc'ation structures exist in molybdenite crystals having 
different modes of occurrence, but no typical structures of deformed dislo~a,fkln 

has been found. 
Study of the aforementioned crystal defect(,microstruc~ure) of the interface 

minerals (orthoclase and molybdenite) from the Xihuashan granite indicates that 
2a 2b 2a lb .d . d d .. the i11itial state of the I's and I's , or y5 or y5 , and pegmato1 is un er con 1t1on 

of high temperature liquid phase-high temperature liquid phase interfaces. This 
implies that the y~ and y;b ·were products of liquid i1nmiscible phases of magmas 
after their intrusion. Except for macroscopic geological evidece, this new viewpoint 
has been supported by the simulated experiments of liqiud separation of biotite 
granite. 

• 

THE NEW RESEARCH ON THE RELATION OF MINERAL FLUID 
INCLUSION AND ORE-FORMING FLUID 

• 
• 

YU Xinzhen, Li peilan, Department of Geology, Central­
South University of Technology,Changsha,Hunan, 410083, 
People's Republic o·f China 

Now they, the national demonstrat-i·ons on the nature 
• 

of ore-forming solution,even the theory of deposit-
• 

forming cause,are depending a great extent on ~he 
researching results . of mineral · fluid inclutions which 

• 

are the ••samples••. of ore-forming <rock-forming) fluid. 
After researching we think: the mineral fluid inclu-­
sion is a type of scattered fluid phase distributed in 
mineral crystals.It is neither the ''sample'' of ore­
forming (rock-forming) nor the remained substance, 
however, it is only a part of substance in ore-formi·ng 
solutions. · 

Besides some common researching ways,we still used 
TEW, SEW and SEMF cathode luminescence way ih the 
research. then we found some phenomena which could not 
be explained by the existing theories, and .found that 
the growing process of nature mineral crystals not 

• 

only accord with the basic rules of crystal growth.but 
also had its own character-which was that some nature 
minerals could be divided into two processes of loca­
tion growth and non-location growth. According -to 

• 

above-mentioned phen.omena, the growing ru I es · of mi nera I 
crystals · and theor·ies of scattered systems in fluid,we 
think: mineral fluid inclusions belong to a type of 
scattered fluid appeared before the growth of mineral 
crystals,the others were filled with other fluid and 
formed after the growth of mineral, So the authors 

• 
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• 

divided above-mentioned scattered fluid system into 
some kinds as follows: deflegmat.ing fluid ( including: 
interface-layer fluid sub-type, cell-structure fluid . 

subtype), deflocculating fluid,fluid of mineral loca-
tion-growing en~iroment and epienetic fluid. The fluid 
i ngred i en ts and characters of the first three ki n·ds 
are not completely the same but they are all from the 
same solution or the same de-simple solution. Although 
they are not · the ''sample'' of ore-forming, they present 
the characters of or~-forming fluid from ore side. The 
ingredients and characters of the forth kind of scat­
tered fluid don•t have direct relation with the fluid 
of ·mineral-forming. · · 

• 

• 

DIASPORE-BEARING ACID-SULFATE ALTERATION AT AKAIWA 
• 

IN OTARU, WESTERN HOKKAIDO, JAPAN 
Shunzo Yui, Department of Geology & Mineralogy, 

• 

Hokkaido University, Sapporo 060, Japan 
-

The Akaiwa alteration zone occurs on a steep cliff 
of the northern coast of the Otaru city, Hokkaido, 
Japan. The Sea of Japan side of the .northern part of 
Japanese Islands forms a geologic province composed 

• • 

of t h i ck v o 1 can i c and s e d· i men tar y pi 1 e s of the 
Neogene in age. The province is called the Green 
Tuff region because of characteristic greenish color 
of the volcanics due to alteration and there occur 
many ore mineralization including .gold-silver veins, 

• 

kuroko deposits, and base metal veins. Akaiwa is 
located at the northern end of the Green Tuff region, 
and is known for beautiful crystals of bari te, and 
there are small abandoned explorations. · . 

Recently an active gold mineralization accompanying 
• • 

hydrothermal-solfataric activity was discovered at 
Osorezan at the northern end of Main Island of Japan • 

.A north-south alignment of hydrothermal activities 
. . 

through Osorezan is recognized and its northern 
extension seems to reach Akaiwa. . 

Mt. Akaiwa(371 m above the sea) and Mt. Shimo­
akaiwa ( 279 m) consist of intensely silicif ied vol­
canic rock (andesite?) of the Green Tuff region. The 
ridge of east-w~st trend connecting them is very 

• 

steep and the incline of its north~rn slope _to the 
Sea of Japan exceeds 451~ at places. There are .many 

• 
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pillars of harder rock (irregular pipe-like or more 
tabular bodies of several to more than ten meters in 
diameter and several tens meters in height) 
contrasting to the surrounding softer ground on the 
slope. 

The silicif ied rock is composed mainly of quartz 
and partly massive and partly rich in voids. In 
places, the voids are filled with alunite. The pil­
lars consist of quartz-dicki te rock. with or without 
pyrophyllite. In the softer ground, several zones are 
recognized, which are dickite-, sericite-, and · srnec­
ti te-zones from the silicif ied rock to andesi te (?). 
The Akaiwa alteration zone, therefore, seems to be 
deeply dissected analogue of the alteration of 
Summi tville, Colorado described by Stoffregen ( 1987) 
although the kaolin mineral in the silicified rock of 
Akaiwa is mostly dickite, on the other hand, kaolin­
ite at Surnmitvill. 

Diaspore occurs as crystals up to 1 mm in diameter 
in voids from microscopic to 10 cm .in size in quarts­
dickite(-pyrophyllite) rock. Fine crystals of quartz 
project from the wall of voids and crystals of the 
diaspore occur inside. Some diaspore contains two 
phases (liquid-vapor) fluid inclusions. The homogeni­
zing temperature is 192°-240°C (19 measurements). 
Some voids contain zunyite with or without diaspore 
implying the migrat·ion of aluminum and volatile 
materials in the later stage. . 

Alunite shows a broad x-ray diffraction profile for 
006 reflection with FWHM of 0.5° or more at 31.3-31.5 
degree 29 for CuKa radiation indicating variable 
content of natroalunite component. 

Kaolin minerals in quartz-rich rock is mostly 
dicki te which show sharp x-ray diffraction pro·f i les 
and that at least, in some softer clayey ground seems 
to be poorly crystalline kaolinite. Sericite-smectite 
mixed layer mineral is al·so detected by x-ray dif­
fraction . ... 

EVOLUTIOIJAL BEGUl,A.RITIBS OF THE _DRAT, WORI,D 

N.P.Yushk:jn, Institute of Geology of the Komi Science 
Centre, Ural Division of the USSR Academy or Sciences 
Syktyvkar, 16700?, USSR 
The most essential achievement of contemporary minera-
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logy is that it gave rise to the learning on the mine­
rai world evolution wbich comprises two important 
trends: the ontogeny and phylogeny of minerals (I,2,3). 
Evolutional ideas arose and shaped at the dawn of mi­
neralogical inve~tigations favoured by the parallel 
development of mineralogy and paleontology withiD the 
general system or geognosy. The re arities observed 
by the study of ancient organisms stimulated the search 
for similar re arities j,n the mineral world. By the 
beginning of modern period in the mineralogical sci~ 
ence development, a number of basic evolutional regu­
larities were outlined. They fo11nd their manifestati­
on in the principle of directed development of the mi­
neral world (Tschermak's principle) as well as in ste-

, non's principle stating that minerals bear information 
· reflecting conditions of their rormation1 in the evo­
lutional schemes of crystal form development (Werner's 
schemes); in the principle of successive mineral for­
mation in mineral bodies etc. 
Now evolutional re arities are recognized on vari­
ous levels of the mineral world organization: begin­
ning with crystal lattice.a,. mineral individuals, mi- . 
neral parageneses, associations and complexes ·and end­
ing in the mineral world as a whole , (3,4). Main stag­
es of mineral species formation in course of the 
Earth's development are established. 
The most general evolutional regularities .. a.re: 
I. General growth of the number of minerals, structu~ 
ral complication of ·the mineral world, enrichment of 
its diversity in course df geologic time. The diver~ 
sity ma.nifests itself in the acceleration of all mi-
neral-genetic processes an,d phenomena, as well as in 
complication of more recent mineral associations as 
compared to the earlier ones; in the general growth 
of the number of minerals formed by recent processes; 
decrease in the relative energy and crystallochemi-
cal density of developing miDeral systems; 8D increas­
ing role of mixing phenomena; increase in the entropy 
and accumulation of deformations in the structure and 
sbape of minerals, etc. 
2. Evolution o! the ''cubic•• or ''cubic-orthorhombic•• 
mineral world into the ''monocli n,ic '' one that began on 
the early stages of the Earth's history'and is going 
on up till the modern stage; decrease in the sysometry 
of substance in contrast to high (and probably increas­
ing) sy11metry of the Earth itself. 
3. Accumulation of complications of mineral systems in 
the upper horizons of the Earth's crust, particularly 
by the geoid surface. 

The organic world, life itself, most probably, is 
a consequence of the mineral world evmlution; subsequ~ 
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ently the two worlds (although functionally different) 
developed in close interaction. . 
The motive power of the mineral world evoluti on has 
energetic origin: it is the propensity of developing 
mineral systems to equilibrium under the conditions 
or constant heat loss. 

I. Grigoriev D.P. Ontogeniya llineralov (Ontogeny of 
Minerals). ·L'vov, 1964, 284 pp. 

2. Grigoriev D.P., Zhabin A.G. Ontogeniya Mineralov. 
Individy. (Ontogeny of Minerals: Mineral Individu­
als). Moscow, 1975, 399 pp. 

3. Yushkin N.P. Teoriya i lletody Mineralogii (Theory 
and Methods of Mineralogy). Leningrad, I9?7, 29Ipp. 

4. Yushk~n N.P. Evolu~sionnye Predstavleniya v Sovre­
mennoi llineralogii _: (Evolutional Concepts in Con­
temporary Mineralogy) Zap. Vses. Kiner. Obshch. 
1982, part III, vol.4, p.432-442 

• 

• 

VARIATION OF THE PRIMARY FIELD OF LEUCITE UNDER WATER DEFICIENT A . 4~ 

CONDITIONS IN THE SYSTEM Ne-Ks-Q-H20 AT PH20= 5 kb 

Zeng Rongshu, Institute of Geology, Academia Sinica, Beijing 100011, 
• 

• • 

China, MacKenzie, W.S., Department of Geology, The University of 

Hanchester, Manchester H13 9PL, U.K. 
Phase relationship. of ·the system Ne-Ks-Q-HzO at PHi0=5kb under 

water-saturated condition have been investigated. Compared with the 

phase diagrams at 1 atmosphere, 1 kbar and 2 kbar, the primary 

field of leocite shrinks with increasing pressure. The leucite 

field of the system Ne-Ks-Q-H20 at PH20 = 5 kb under water 

deficient conditions bas also been determined. 
It was found that nearly 15X H20 was required to saturate the 

mel t in the leucite-water system at 5 kb. The degree of water . 

saturation changes the liquidus temperatures and the position of 

the field boundary of l eucite in the Ne-Ks-Q-820 syst em. Compared 

with the size of the leocite field under water-saturated conditions, 

he leucite primary field expands when the system is unsaturated 

with water. Thus, for example, bulk compositions Nes KssoQas , 
Ne

10 
Ks6oQ30 and Ne20 Ksss02t are ocated in the feldspar primary 

f ·e1 under water-excess condition, but if the water content 

dropped to 5X, these compositions would crystallize leuxite first 
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but at higher tempera-tures 

between feldspar and leucite 

The position of the field boundary 

than the 

in water boundary between leocite and 

content at 5 kb pressure. 

• 

changes to 

kalsilite 

In discussing the crystallization 

factors have to be 
• considered • since 

crystallization of the 
• 

primary phases • 

a greater extent 

with variation 

• 

of k-rich rocks these two 

both affect the order of 

THE RELATION BETWEEN UNIT-CELL DIMENSIONS OF 
TINSTONES AND THEIR MINERALIZING ENVIRONMENTS IN 
SOUTH CHINA 

ZHANG Gendi, FANG Zhong and WANG Xinguang, Department of Earth .Sci­
ences, Nanjing University, Nanjing 210008, P.R. China; . 
ZHOU Yandong, Center of Computation, Hehai University, Nanjing 210024, 
P.R. China 

• 

S. China is one of the famous metallogenetic zones rich in tungsten and tin in 
the world and, there are a lot of various type of larger tin deposits. Authors have 
measured unit-cell dimensions for 38 pieces of cassiterites and related trace ele­
ments, which were collected from 18 well-known or important tin ore deposits. In 
combination with the geochemical environments, some knowledge and conclusion 
have been obtained: 

• 

1. The cell dimensions of Sn02 are a= 4.7308-4.7392A, c= 3.1807-3.1874A, 
v=71.211-71.580A 3

, and c/a=0.6720-0.6726. For the crystals in forms of 
tetragonal di pyramid and short tetragonal prism, the values of a, c, v are smaller, 
but for the longer tetragonal prism or needle-like Sn02, these values are bigger. 
The equations between dimensions are: c = 0.63581 +0.5382 x a, (R = 0.96); 

• 

v = -127.8895+42.0865 x a, (R = 0.98); v =-175.3205+77.4799 x c, (R = 0.97). 
2. It is stressed in this paper that as c I a= 0.6720-0 .6725, the a, c, v vs. c I a 

are in positive relations; but as c I a= 0.6725-0.6727, their relations· are negative. 
The c I a= 0.6725 is a turning point of unsymmetrical curve (Fig. I). On the axis of 
the curve, there are many samples of Sn02, which are provided with bigger cell di­
mensions, but the contents of the trace elements are smaller or the smallest. The 
equation of the curve is: v = 26.8060+43.9707 x (c I a)-803344.500 x 
(0.6725-(c i a))2

• 

3. As c/ a=0.6725, the contents of Nb, Ta, Fe, Zr, Ti, W, Cu, Zn, Se and 
their total in cassiterites are lower or the lowest. All of these values vs. c I a pat­
terns could produce a series of sag curves, though the pattern of In value vs. c I a 
is shown as a convex curve (fig.2). The Fig. I and Fig.2 are exactly the opposites. 
The granitic, pegmatitic and greisen types of tin deposits are hypothermal in 
origin. For example, the Limu and Huashan ore deposits in Guangxi Province, in 
wl1ich Sn02 are dispersed on the left side of c I a 0.6725 axis. There are higher 
values of Nb, Ta, Ti, and Zr, but the cell dimensions and elongation index are 
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smaller,and the colour of cassiterite is dark. The deposits of Sn02-sulfide type are 
hypothermal-mesothermal or mesothermal, as examplified by the Gejiu deposit in 
Yunnan Prov. and Dachang deposit in Guangxi Prov., where many Sn02 are 
dispersed on the axis of 0.6725 or its right side. The values of Nb, Ta, Ti and Zr, 
and their total are obviously lower; whereas the a, c, v, c I a and elongation index 
are larger than other types. The crystals mostly are in light colour. 

4. Both contents of trace elements and the related variation of cell dimensions 
and the c I a ratios of cassiterites are generally controlled by the ore forming tem­
perature and as well as local geochemical background where the tin granites were 
formed. This can be regarded as a rule responsible for formation of ore deposits in 
all large or small tin-ore provinces in S. China. 
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THE CHARACTERISTICS OF MORPHOLOGY OF CASSITERITES 
IN A VEIN TIN DEPOSIT 

Zhang Zengyou, Geological Institute o.f Southwest Non.f!rrous Metals Geological 
Exploration Corp. CNNC. Kunming, Yunnan Province, China 

-131-

• 



• 

•. 

Study of morphology of cassiterites of a hydatothermal vein tin deposit· in 
Western Yunnan has found that the rich ore body has undergone several stages of 
tin superimposed mineralzation. The characteristics of morphology of cassiterites 
are as follow: · 
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1. Resorption of cassiterite crystals 
(Fig.1). Along with the re-rise of tem­
perature or variation of medium during 
the later stage, the resorption of 
cassiterite ocurred. The prism face is ea­
sier to be resorbed than pyramid, so the 
resorbed crystals are ferfectly rounded. It 
shows that the high solubility fluid activi­
ty favourable to pick up the tin appeared 
at the late stage. 

2. Cassiterite crystal druses (Fig.2). The light color cassiterite druses always 
infills the reopened fractures along the dark massive cassiterite. This is a evidence 
that after the crystallization of massive cassiterite, the supply of tin-bearing fluids 
and crystallization happened again. 

3. lntergrowth of two generations of cassiterite(Fig.3). The earlier cassiterite is 
' dark and dipyramidal, with well undeveloped prism. The later one is light in color 

growing along one of the faces of the dark cassiterite in form of a long prism pyr­
amid. 

.. light color cry1W canitcritc 
ln-f-.~ . 

• 
early stage dark canitcritc 

~ . 
... 

• 

' dark color ma11ive ca11itcritc 

Fig.3 canitcritc crystal stock of two stage Fig.2 caaitcritc cryttal drU1e (tiu SX&nm2 ) 

4. Poikilitic texture of cassiterite (Fig.4). Fragments of the dark banded 
cassiterits are enclosed in the light cassiterite crystals, which serves as evidence on 
the late crystallization of the light cassiterites. · 

5. Crystallization-resorption-cavity filling of cassiterite(Fig.5) . 

It seems that three times of crystallization and concerned resorption have 
happened. The chemical composition of cassiterites sho·~s high contents of Ti, Na, 
Nb, Zr for the dark ring of cassiterites (Table 1) and the tin mineralization shows 
pulsatary and continuous properties. 

• 
• 

• 

• 
. . . . . -

FiJ.4 poikillitic texture in canitcritc (l .Smm) 

• 
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tee0n.d re.orption marlin 

light color riq canit.crite includin1 dark caniterite 

dark color rina caniterite of early stage 

white non-ring ca1titerite of late It.age filling in fracturct 

Fig.S the ctytt•lliustio~ resorption and cavity filling of caaliterite (size 6 >< 4crn2) 

Table 1. The chemical compositions of cassiterites (laser spectrometry 
anal sis · 

dark ring 
cassi teri te 

Al Ca Cu Fe Mg Na Nb Pb Si Sn Ti Zr Sc 
0.009 0.01 0.009 0.01 0.01 0.68 0.06 0.04 0.01 76.67 0.82 0.09 0.002 

light ring 
cassi teri te 

light color 
cassi teri te 

• 0.42 77.43 0.48 0.02 

77.82 0.16 

Pfil.OGOPITES FROM THE KIMBERLITES AND SURROU?IDING COMPLEXES 
IN SHANDONG, CHINA 
ZHAO Donggao arid HUANG Yunhui, Institute 
Deposits. Chinese Academy of Geological 
Baiwanzhuang Road 26, Fu Wai. Beijing 100037, 

of Mineral 
. Sciences.­

China 

The compositional variations of different kinds of 
phlogopites, collected from the Victory 1 kimberlites· in 
Mengyin, Dongshima bedded carbonatites or micaceous oarbo­
natites in Boshan, and Qingyunshan lamprophyre dikes or 
sills in Linyi, have been studied. Through these studies, 
the evolutionary trend and the mutual relationship between 
the kimberlites, located at the center of the western 
Shandong anticlise, and the surrounding complexes such as 
carbonatites and lamprophyres, about 80km apart from the 
Victo~y 1 kimberlites, have been discussed. 

Like the other kimberlites in the world, the Victory 1 
kimberlitea contain two broad groups of phlogopites: one 
is strongly resorbed, rounded, distoPted, deep brown mega­
crysts or maorocrysts ranging from several millimeters up 
to several centimeters in diameter; the other is tiny 
euhedral-subhedral plate and lath microcrysts whose length 
are usually smaller than 5mm. These two groups of phlogo­
pi tes are significantly different in chemical composition, 
especially in Cr20 content, . the first roup 
being relatively~ eh in Cr203 (.o.~%) and poor n TPe9, 
t he second being poo:r ··in Cr203 ( 0.2") and rich in TFeO. 
Considering the textural characteristics, the authe~s think 

• 
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• 

the former group is possibly xenocryata derived from p~i­
mary phlogopites in lherzolites and. the latter group ia 
mic~ophenocrysts crystallized from kimberlite magma. This 
conclusion i .s based on both coa:rse- and tine-grained phlo­
gopi tea instead of on ·only · megacrysts (Dawson and Smith, 
1975). . 

A kind of nodule baa been recognized in the Victory 1 
kimberlites; this nodule, usually described as "dark mine-
ral aggregate'', is dominated by phlogopi te (60'6) and am 
phibole (30%), but apatite and some opaque minerals 1 o 
occur. The phlogopite and amph.ibole ci-ystals are perfect 
and coarse, and can .include and penetrate each other; th 
alignment of them is observed. Compared with the other 
kimberlite phlogopites. the nodule phlogopite has slightly 

.,._ .. - ..., - - -= ,,.. ·-r • -- - - - " 

high TFeO content, but is more similar to the micropheno-
crystal phlogopites in Cr203 content. The Mg/Mg+Fe 
values of the micas in the kimberlites, the nodule~and the 
gneiss xenoliths and wall-rock gneisses are respectively 
about 0.897, 0.816 and 0.607. Apparently the nodule micas 
are most similar chemically to the kimberlite phlogopites, 
so the authers postulate that the nodule is a mantle­
derived xenolith similar to th~ MARID rocks described by 
Dawson and Smith (1977) in some respects, although a meta­
somatic origin for such nodule is favored by some Chinese 
scholars. The further study of the nodule is in progress. 

The Qingyunshan intrusions were considered possibly to 
be lamproite or kimberlite. But the micas in th~s kind of 
rocks are significantly different from those in represen­
tative kimberlites and lamproites in chemical compositions. 

-

From the Victory 1 kimberlite pipes to the surrounding 
Dongshima and Qingyunshan, that is to say, from kimberlite 
---carbonatite---lamprophyre. the Ti02 and TFeO contents 
and the Mg/Mg+Fe values of the phlogopites decrease succe­
ssively, showing a regular evolutionary trend. · Con­
sidering the kimberlites and surrounding complexes as a· I 

whole, and remembering that the successive decrease of the 
Mg/Mg+Fe values is a normal evolutionary trend of magma, 
then we can draw the conclusions that the kimberlites and 

• 

surrounding complexes in western Shandong anticlise are 
the products of evolution of cognate magma, and the sur­
rounding complexes are more evolutionary than the kimbe~-
li tes. , 

• 
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Wan Guodong et al, 1983. The relationship between . the kim­
berli tes, alkali ul trama:fic rocks·, c•rbonati tes and dark 

ong Bureau o:f Geology and Mineral Resources • 
• 

• 

CLINOPYROXE:NI·:S IN BASALT AND I'I,S PERIDOTITE AND 
XENOLITHS 

• 
• 

Zhao llailing and Deng Jinfu, Department of 
and· Geochemistry, China University of 
100083, People's Republic of China 

• 

Mj.neralogy, 
Geosciences, 
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PYROXENITE· 

Petrology 
Beijing, 

• 

Clinopyroxene is ubiquitous in the basic volcanic . rocks and in 
pyroxenj_te xenoli ths of t .. he lasic volcanic rocks. 1~he 
mineralogical. characteri~tics reflect, the physical chemistry 
c~ondi tions o.f their forn1ri.tion. The si:udy of c 1 inopyroxenes in 
rocks may provide t11e cl1aract .. erist.ics and genetical relat]o11ship 

• 

of the upper mant~le and host basalt ar1d approach the rules of 
evolut.ion of magn1a fon11ati<.Jn and di.fferentici.tion. Tl1is })aper gi,1es 
an exan1p.le of clinc>pyroxenes in Cenozoic \ 1olcanic roclts and the 
U}Jper mant,le rocks in So\Jt·,heast .. Co;:ist of Cl1ina. 

Cl.inopyt .. oxenes in t .. he peri<Jot-.ite XP.t1olit~l1s are er-rich 
cii.opside and Cr-rich endiopside. Cl i.nop:vroxenes in t.he pyr'oxenite 

• 

xeno.liths are diopsi.de, endiopside and at.igite. C1.inop)'roxenes 
occu1~ i.n 1~he basalt .. as megacryst:, phenocry~t and microcryst in 
grol1ncimass. Nearly all of cl j nopyr<)Xene n1egacr)1sts are augite 
except. a few of sal.i t.e. ~·lost <)f (~l inopyroxene phenocryst,,s and 
mi.crocryst are Ca-rich. <~] inopyroxene phenocryst .. s and groundmass 
cl j nopyroxene in t.he aJ.J\a] i hasa] t. series are di opsi.de, sali te, 
alJgite and fassaite. Clir1opyroxenes in a fel.i of nephelj.nites are 
aegirine-augites. There are augite, pigeonite and bronzite ].n the 
t .. holei i te. 

Chen1ical variati.on of the c 'li.nopyroxenes in the peridotite and 
tl1e pyroxen] t.e xe11ol i t.hs and t.l1e basalt from the Sot1theast Coast 
of China shol.JS that .. Fe corltent iri tl1e clinopyr<Jxenes increases 
gradl1ally from the peridot .. i te xenoli th to the p),.rclxeni t .. e xe11oli th 
1:o the basa.l t. · The clinopyroxene megacrysts are Ca-poor and Mg­
rich compa.red with the cl]nopyroxene phenocrysts and microcryst. 
Composition of Cr 20 3 in tl1e cl i nop)~roxenes recomes gradtJal ly poorer 
from the perj do·t .. i t .. e to t .he pyroxenj. tP. to tl1P. basalt. These 

· cl1aracterist .. ics of t .. he 1>yr<)xenes shol~ the J~P,nP,tj_ca]_ difference 
among t.he1n. The t.rend c1f e\-'olt11·;ior1 of cl.inopyroxer1es is Mg-poor 
and Ca-rich from the megacryst.s t.o t,he phenocrysts and microcr)1st 
in the grot1ndmass. Thi~ trend of evolut,ion is consi~tent with 
1:.hat from the pherlocryst t~o t .. he mi~rocryst in t .. hP, alkali basalt 

• 

series. This shows that the clinopyroxene megacryst crystallizes 
early from the ha.salt and indicateR that the fract .. 1.ona.l 
crystallization of olivine and clinopyroxene _l~ essentiai _durin~ 

evoluti.on of alkali basal.t series in this area. · 
Chen1ical composition and optical characteristics of the 
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cJ. inopyroxenes in t .. he peri.rlot i t,e and the p)'roxen] t.e x~nol i t,hs and 
t .. hose of t.he cl j nopyroxenP. megacrys t~s a rP. homogeneo1,1s • This shol~S 
tha1·: t,hey formed at .. }1igh pressurP.. Cont.ent of Cal.ci \lJTl Tsche1111ak 's 
mo.lecule in tl1e cli.nopyrr>xene megacrysts is si.n1i :lar to or more 
t.han t.hat, j _n t.}1e clinopyroxenPs in t .. he peridot1.te and t .. he 
pyroxer1 i tJe xenol i. t .. l1s. 1,h is shot.JS t ,ha t t,he press11re of its 
formation i.s simi .lar t,o or more t .. han t .. hat, of the upper mr-lntle 
xeno.l_i. t.hs. Ttl is is cons is t .. ent. l'1i t,h the res1J l t,s of calculat .. ion 
l1si ng t .. her111od)1nomica] methoo At1rl l1as been explai nP.d using fl\1j d 
ciy11ami c~s of 111agma. Ttle c~l inop)'·roxPr1es of t .. he pl1er1ocrysts and t ,he 
gro11ndmass · in the basalt. arP. zonP.ci. Except .. a f el"7 of them are 
reversely zoned, most, c)f t .. l1em are decreHsed in f"J~ content, and 
.i n~l"'<~ased i r1 Ca, Fe and Ti fr()ffi t,}1e cores to mat"'gin in al.kaJ.i 
l><isa 1.t. seri.es. 

Tl1e trend of e\·ol11t.i.or1 of the cl.i.nopyroxenes is Ca-poor, M,g-
·. ri.ct1 Fl.11<l Fe-ric}1 from the J)l1enocryst,s t,o t .. l1e mi.crocryst in the 
grotJr1c:1Jnass in t .. holeiit .. ~, t-1hi.ch is di f:'ferP.nt from ot1e of the al.l\al i 
basaJ.t serj eg. We Rt1ggest. t,hat t,J1e variation t.rend of major 
e l.en1ent·.s of tl1e cl irlopJ'T'oxe11es from the phenocryst to the 
n1icroc1"'yst, in the grotmdrnass in tJhe 11asa]t sl1ould he sj.gnifjcant 
to clistinglJisl1 the all{a.li basalt ser.ies from the t.holei1.te series . 

• 

PYROXENES OF SKARN DEPOSITS IN CHINA 

Zhao Yiming and Lin W enwei , Institute of Mineral Deposits, Chinese Acad­
emy of Geological Sciences, Beijing 100037 , People's Republic of China 

• 

Based on the mineral associations of the skarns of 35 major skarn deposits in 

China studied by the authors, the four types of skarns are divided, i.e. magnesian 
• 

skarn, calcic skarn , manganoan skarn and alkaline skarn .In different types of skarn 

deposits exist different types of pyroxenes. 

Magnesian skarn may be divided into magmatic magnesian skarn and 
• 

postmagmatic magnesian skarn . The pyroxenes in magmatic magnesian skarns are 

generally aluminodiopsides, and are usually associated with spine], monticellite, 

forsterite ,and periclase. Aluminodiopsides contain appreciable quantities of alumina 

(3 .64-13. l 4wt. 0/o ), which result in changes of their optical properties, and have 

strong dispersion of the optical axes angles (2V c-2V F = 4-lA). The pyroxenes in 

postmagmatic magnesian skarns are always diopside (Di95-99Hed1_ 5) , associated 

with f orsterite, and overlaid by tremolite ,phlogopite and serpentine . The accompa-

nied mineralizations may have Fe,Cu,Mo,Sn,Au,B. etc. 

The pyroxenes in the calcic skarns are of the diopside-hedenbergite series, asso­

ciated with garnet, wollastonite, and vesuvianite .The systematic investigations show 

that the compositions of coexisting pyroxenes and garnets in different calcic skarn 

ore deposits have variety obvious rule , as follows: 
• 
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The pyroxenes in Fe and Cu skarn doposits are mainly diopside with lower con-
. 

tents of johannsenite molecules. Their associated garnets are generally andradites 

(And63_ 95). The pyroxenes in Mo-bearing skarns are chiefly diopside 

(Di56-93Hed6_ 41). Their coexisting garnets are of transitional types of the 

grossu1ar-andradite series (And17_ 68).The pyroxenes in scheclite-bearing skarns are 

mainly diopside and hedenbergite with certain content of johannsenite molecules 

(Hed34_ 59Joh8_ 10). The coexisting garnets belong to transitional types of the 
• 

grossular-andradite series with comparatively higher content of spessartine mole­

cules (And52_ 88Sp4_22). The pyroxenes in Sn-bearing calcic skarns are predominantly 

hedenbergite, and subordinately diopside. 

· To sum up , the metasomatic minerogenetic speciality of the calcic skarns is 
very obvious . Along with increase of the acidity of skarnizing solutions and de­
crease of the oxygen fugacity , the valence states of iron are gradually changed 
from Fe3+in garnets to Fe2+in clinopyroxenes replacing Mg2+. Their accompanied 

mineralizations are also varied regularly : Fe, Cu • Mo • W •Sn . 
Pb-Zn skarn deposits have some special characters . They occur in relatively 

shallow environment and usually have a suit of manganoan skarns . The 
manganoan skarns mainly consist of manganese clinopyroxenes 
(Mn-hedenbergite , johannsenite , Mn-diopside ) and manganese pyroxenoids 
(rhodonite , bustamite -, pyroxmangite , Mn-wollastonite ) , which may be 

• 

accompanied by andradite , Mn- ilvaite , Mn-actinolite . In individual deposit , 
there appear appreciable quantities of spessartine . 

Alkaline skarns occur in the contact zones between syenites and dolomitic 
• 

carbonate rocks . In the alkaline skarns , the type of pyroxenes is aegirine , asso-
. 

ciated with many alkaline metasomatic minerals , such as nepheline , arfvedsonite 
, eckermannite , sodium-tre·molite , orthoclase , albite , and phlogopite 'Alkaline 
skarns are accompanied by U, Th, Tr, Nb, mineralizations. 
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A STUDY ON FORMING CONDITIONS OF Ag.Au-TELLURIDES IN sonE HYDROTHERMAL 
GOLD DEPOSITS 
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ZHOU Jlanping, CHEN Wu, Department of Earth Sciences,Nanjing University, 
Nanjing, jiangsu, 210008, P. R. of China 

In hydrothermal deposits, gold can be concentrated both in minerali­
zation zones of Pyrite, arsenopyrlte and Cu-sulfldes association and of 
tellurides, quartz, barlte and hematite association. Many volcanic and 
metamorphic hydrothermal gold deposits In southeastern China contain a 
number of Ag, Au-tellurldes, such as Lishui Au-telluride deposit, Jiang­
su, and Huangshan gold deposlt,Zhujl,Zhejlang. 

Investigation of textural relationships and mineral assemblages 
among vein-filling minerals which reflect the order of precipitation 
indicate: Cl> deposition of Ag, Au-tellurides succeeds initial deposi­
tion of sulfides; C2l in some cases, deposition of tellurides with 
hight Te/Au+Ag ratios, such as calaverite, sylvanite and tellurium, was 
fol lowed by those with lower Te/Au+Au rat.ios, such as petzite, hessite 
and electrum, however, opposite order of deposition occurred in some 
other deposits : C3> hessite and native gold with low fineness Cabout 
820-830) are most common minerals in depths of ore body where calavertte 
, sylvanlte and native tellurium .do not occur, indicating a low Te/Au+Ag 

• 

and high Ag/Au ratio in depths; (4) electrum or native gold were depo-
sited simultaneously with or following tellurides but not before the 
tellurlde-bearing stage. The other tellurlde minerials coexisted with 
Ag, Au-tellurides are Hg, Pb, Cu, Ni and Fe tellurides etc. 

Quartz, hematite and magnetite are main oxides intergrown with Ag, 
Au-tellurides. Most oxides. except those of Sn andrFe, are unstable 
with respect to tellurides over the normal range in ~02 encountered in 
hydrothermal deposits. Quartz vein containing Ag, Au-tellurldes, Is 
generally late, clear, undeformed and contains less inclusions, and often 
crosscuts or encloses early preexlsting milky, inclusion-rich, strained 
quartz that occupies most of .the volume in the veins, Gangue minerals 
typically include adularia, chlorlte, sericlte, barlte, and carbonates. 

The results of experiment of Au-Ag-Te system can be used to explain 
the occurrence, paragenesls and forming sequence of Ag, Au-tellurides which 
are of typomorphlc significance. It is worth to note the decomposition of r 
phase CC Ag, Au >2-)C · Te, x=0. 09-. 12 J and X phase C Ag 11 _" Au,""" Te ) • The 
assemblage of hessite, stuetzite and petzite Clow Te/Au+Agl and sylvanite 
Chlgh Te/Au+Ag> is considered as a result of decomposition oft and/or X 
phase below 120°c. Occurrence of paragenetic minerals such as pyrrhotite 
and studies on fluid inclusions suggest that most tellurides are formed 
from low saltnlty ore-forming fluid under the conditions or low tempera­
ture Cl20°-280°C) and low pressure CP<500b>. 

The intergrowth of high fineness lanout 9601 and calaverite filling in 
pyrite fissures in Huangshan and Lishui gold deposits suggest~ a high 
aAu+laA,+ ratio of hydrothermal fluid and -logaTevalue of being 9-10 
during the cause of deposition. The range of f s~ can also be defined based 
on reactions of most common minerals, such as pyrrhotite-pyrite-hematite 
and chalcopyrlte-born·lte-pyrite, and are 2 0f formation of Ag, Au-tellurides 
can be determined according to reactions such as native silver, electrum ~ 
calaverlte. 

The i•portant variable controlling whether gold is concentrated in 
sulfldes or in Au-tellurldes fro1 ore-forming fluid for a given metallic 
co•posltlon Is f s2 , llTe 2 , and temperature. Fugacity of tell_urtum 
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determines If tellurldes are deposited from hydrothermal fluld and what 
kinds of tellurides may occur. There are two ways from tellurlde undersa­
turated source to tel luride saturated, one is decreasing of te peratur·e, 
which largely occurs in area where fissure ls well developed, and the 
other Is increasing of a Tea In hydrother•al f luld. Since the average 
concentration of Te in Igneous rocks is only about 1 ppb, and those rock­
formlng minerals are obviously uncoapatlble for Te, three ways of Te con-
centration are suggested i·n this study· Cl> i iscible sulfide elt rich In 
Te seprates fro• silicate melt; <2> Te-rich hydrother•al fluid Is derived 
from late differentiated magma: C3> the reactions between hydrothermal 
fluid, especially those rich in Ag, Au, Hg and pb, and wall rocks may 
extract a lot of Te from pyritlzation zone or copper-sulflde zone. Forma-
tion of tellurldes from so1e hydrother1al gold deposits In southeastern 
China is principally related to the second and the third ways. In this area, 
the most common occurrence of native gold and Ag,Au-telluride alnerals Is In 
epithermal quartz veins associated with volcanic or subvolcanic rocks. The 
fact that &J•s values of pyrite from Yinkengshan Ag-Au deposit, Zhejiang, 
ranges from 3 to 6%oCaverage about 5%o l, is consistent with the sulfur . 

isotope composition of adjacent volcanics. ~ '8 0 values of quartz rro1 the 
deposit are about -1.75 +3.91%0, which Indicates that a majority of the 
ore-forming fluid was derived from mag1a. While In so1e other Au-tellurlde 
deposits, such as Llshui, Jiangsu, ~ 180 values of quartz from the veins 
with somewhat metamorphic features containing Ag, Au-tellurides are much 
higher, about 12-13%0. This i1plies that replacement and extraction of 

• 

ore-forming fluid Cincludlng •eta1orphic hydrothermal fluid) on early-formed 
sulf ides might increse 0Ttain some areas, leading to a formation of Ag, Au­
tel lurides. Local ·increasing of ATeallay cause the coe~istence of tellu­
rldes, such as calaverite, altaite and coloradolte, and native gold with 
high fineness in fissures or .surroundings of sulf Ide minerals Caalnly py­
rite and chalcopyrltel, and also the crosscutting of so•e telluride-bearing 
stockwork velnlets through •assive sulf Ide ores or hydrothermal sulf ide 
veins. 

• 

·rllli ZOHLlliG MINJSRALOGICAL CHAJiACT.E.til~'f.lCS AUD THElR APPLlCAT ION 
lN; GAOCUJ». DEPO~IT ,HEnl GOL.D OR.li ,GUA.blGDONG .PRO'lll~C;E ,Clill~A 

ZHOU Ping, Hubei Institute of Geological Experiment,Wuham,Hubei 
430022,Feople's Republic of China 

• 

Hetai gold ore, for1ned in the myloni te belt , whose wa 11 
rocks are ~inian migmatized scnists and migmatites, is divided 

• 

into six depo~its,i.e.Gaocun,Yunxi and Houjing deposits,etc. 
The No.11 orebody of Gaocun deposit ls characterized by 

its distinctive space zonality in mineralogy. Take the example 
of the form zona~ion of pyrite:· the cubic form dominates amrl 
only a few other types appear in the upper oreboy;in the middle 
the dominance of cubic form is substituted by that of various 
type~ of combinste forms composed of cub,octahdron,pyritohedron 
trapezohedron and diploid; the cubJ.c form increases again in. 
the lower orebody. Besides,the face(1.11) and (hko>) on a cube 

• 
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vary from small ~o large and back to small sizes with their 
di±"ferent places in the ore body, .The upper ore body of the thermo 
-electricity field of the pyrite is charac:ter·ized by ea vi ty 

. type,while ~he middle and the lower orebody by the electron 
type. The major metal mineralogic assemblages are pyrite + 
c:halc:o.pyrit,e.,{less) in the upper, pyrite + c:llalc:o,pyrit.e + 
sphalerlte\less) + pyrrho~ite(less) in the middle,and pyrrho. 
-t-ite + chalcopyrite + sphalerite{less) + pyr·ite(less) in t .he 
lower orebody. 

T.he analysis of drill samples of ~unxi and Houjing 
deposits,which are be,ing explore,&, demonstrates that the 
mineralogical charac:teriat,ic:s of both the deposi t)s are similar 
to those of the upper-middle/ and upper parts o.f the N.o. 11 
ore body respectively. It is suggested that. the above two 
deposit~ extend downwards on a large scale,whi~h is confirmed 
by the recent deep drill in Yunxi deposit. 

STUDIES ON THE TYPE AND THE TYPOMORPHIC CHAR­
ACTERISTICS OF THE GARNETS FROM KIMBERLITES 
AND THE RELATIONSHIP BETWEEN THE GARNETS AND 
DIAMOND 

Zhou Xiuzhong , Huang Yunhui, Qin Shuying , Deng Chu.iJ,n , Gao Yan 
and Yang Jianmin , Institute o.f Mineral Deposits , Chinese Academy o.f 
Geological Sciences, Bei_jng 100037, People's Repu,blic ofChina 

• • 

The 85 samples of the · studied garnets are collected primarily from the 
kim berlite of Shandon and Liaoning Provinces , and secondarily from the 
eclogite xenoliths of Liaoning and Hebei Provinces, China. 

The chemical composition of garnets were analysed by electron probe , their 
end members were calculated by the partition method of molecular inumber, and 
the colors described quantitatively with their dominant .A. which were measured 
by MPV-1 . The classification , and formation conditions of the garnets are dis­
cussed based on above results . Meanwhile, the discriminant diagram of the pro­
portion of the Ca , Cr , and Mg component of the garnets is made . It is possible 
to find out the typomorphic characteristics of the garnets which are closely relat­
ed to diamond . 

The diagram is divided into 5 fields (A-E) with one oblique line (Ca= 15%) 
and three horizontal lines (Cr= 15% , 10% and 5% respectively), (see Figure). 
Field A , poor in Ca and rich in Cr (Ca< 15 % , Cr > 15 % ) is closely related to 
diamond. 

If put the chemical composition of all garnets into the Dawson and 
Stephens' (1975)8 chemical groups , it will be shown that a large amount of 
garnets belong to the chemical group DG9 and a few garnets belong to the 
DGI-5, the rest belong to DGlO, DGII and DG12. 

-141-



• 

• 
• 

Ccr 
• 

45 
, 

• 

. 35 
• 

A .BI 
25 

• 

• 

15A--__ _._ ________ __ 
• ·c' 

10 ~-------· - ..... ------· 

55 45 

5 
D1 - ._ ~ - -- - - ~ - - - - - --
El 

Cea 65 85 1 75 95 

When put the components Ca , Cr , and Mg of these garnets into above dia­
gram , it may be found that both the garnets , belonging to the chemical group 
DG 10 , DG 11 and a part of garnets belonging to the DG9 , are falleri in Field A . 
The garnets of chemical group DG 12 which contain highest Cr and medium to 
high Ca components are falle1n in Field B . So it is possible that the garnets , con­
tainning high Cr and low Ca components , are closely related to the concentra-
tion of diamond . · 

The garnets which fallen in Field A are collected from Shenli pipe No.I , 
Hongqi dike No.I and No.27 of Shandon Province; and the pipes No.50, 51 , 68 
, 42 , and 30 of Liaoning Province . They are all the main ore-kimberlite . The 
garnets of ore-free kimberlite from Hubei and Henan Provinces are fallen in 

... 
Field B , C , D and E . 

The color of the garnets , belonging tQ Field A , iis / mainly red , reddish 
purple , and purple , the individual is bluish green . 

Some geologists• infer that the for1nation conditions of . the garnets of 
kimberlite are: temperature 1100-1300 ° C, pressure 4.5-6.5 Gpa and the depth 
of 240Km . According to the previous investigated results , the authours suggest 
that the further increase all of the Cr I Cr+Al , a temperature and pressure 
will be favourable to the formation of diamond . 
References : · 
0 Dawson , J.B. and Stephens , W.E. , 1975 . Statistical analysis of garnets 

from Kimberlites and associated xenoliths. J. Geol. 83: 589-607 . 
8 Irifune ,T.,1985 . Experimental study of the system 

Mg3A12Si30 12-Mg3Cr2Si30 12 at high pressure and high temperature . Jour-
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MINERAL CHARACTERISTICS IN DIAGENESIS OF 
THE OSTRACOD SHELLS AND ITS INDICATORS IN 
OIL EXPLORATION 

• 

• 

Zhu Xiaoling and Li Yougu!, lnsti~ute of Mineral Deposits,Chinese Acade-
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my o.fGeological Sciences, Baiwanzhuang Road 26, 100037 Beijng, P.R.C. 

The authors intend to have a comprehensive study to make it possi­
ble for ostracod shells to play a role not only in the fields of stratigraphic 
division and correlation, and geological time deter1nination, but also as 

-

important indicatores in oil exploration, on the basis of the phase 
indentification of the nonmarine Cretaceous ostracod shells and closed 
carapaces with sediment infills by X-Ray diffraction, in conbination with 
the analysis of trace-element of the ostracod shells, the colour of 
carapaces and the ratio between clos d carapaces and isolated valves. It is 
important research subject in the present paper. · 

This paper or1 the basis of the analystical outcome of 2000 samples 
has arrived at the following conclusions: 
1. The sample contain 85°/o of shells ranging from dark brown to black 
• 

• 

in colour with 92 % closed carapaces; the ratio of trace-elements of 
the ostracod shells: 
Fe I Ca: 0.0172-0.2955, Mg I Ca: · 0.0059-0.0909, Sr I Ca: 

• 

0.0009 0.0059, Sr I Ba: 2.00-10.00, Organic C: 0.29°/o-2.25%, S: 
1.37%-7.24%; phase identification by X-Ray diffraction of the 
powder of the ostracods shows: . 
It consists mainly of Calcite (CaC03) and a few Quartz (Si02), some 
Pyrite (FeS2) and Aukerite (Ca(Fe,Mg)(C03) 2) are present in it. The 
sedimentary rocks producing these samples must have been in a re­
ducing environment; high sedimentation rate; in generB:l, the 
source-rocks or display a strong oil showing. 

2. The samples contain 100% of shells ranging from white to light 
• 

brown, moreover, the isolated valves are more than 50% as opposed 
• 

to carapaces. The ratio of trace-elements of the ostracod shells: 
Fe I Ca: 0.0018-0.0571, Mg I Ca: 0.0009-0.0204, Sr I Ca: 
0.0008-0.0052, Sr I Ba: 2.00-10.00, Organic C: 0.21 %-0.84o/o, S: 

• 

0.06%-1.37%; phase identification by X-ray diffraction of powder 
• 

of the ostracods shows: It consists of Calcite (CaC03) and a few 
Quartz (Si02). The sedimentary layers yielding these samples must 
have been deposited in a weak reducing environment with a lower 
sedimentation rate, are non-oil bearing layer and display no oil show-
• 1ng . 

THE EFFECT OF PIEZOOPTIC CRYSTAL MEMORY AS A NEW 

-143-



• 

THERl\IIOBAROMETER OF POSTCRYSTALIZATION PROCESSES 
. 

Zil'bershtein A.Kh.,VSEGEI,Lenjngrad,199026,USSR 

Sometimes optical anomalies in sinthetic and 
natural crystals.are observed. These anomalies may 
be induced by j.nternal stresses (X). This stress may 

be ~xist due to postcrystalization external pressure 
(or stress). It's discovered that the value of these 
anomalies is proportional to the value of external 
stresses ( for different minerals). This is the 

~ effect of crystal memory about external stress and 
pressure in postorystalization process. The influence 
of ~he temperature (T) and exposition (t) of process 
was investigated. The effective internal stress may 
be determined from the value of optical anomalies. 
The effective stress as a function of parameters of 
process was discovered in view: 

X = a P ln ( t) exp ( - bT) , for t <. t 
0 

, 

or X = a ' P exp ( - bT) , r or t ~ t 
0 

, • · 

where a, a', b, t
0 

~re the material ( mineral) canst-
• 

ant~. This expression may be used for estimations of 

Thermodynamic conditions of crystal growth in nature. 
It is the thermobarometer of new tipe - the optical 
thermobarometer • 

• 

(Ba-K)-FELDSPARS AND BARIAN MUSCOVITE FROM THE KIPUSHI 
Zn-Pb-Cu DEPOSIT(SHABA, ZAIRE). 

• 

Mumba CHABU,Universite de Lubumbashi,Laboratoire de Metallogenie 
B.P. 1825,Lubumbashi,Zaire. 

Barian muscovites and barian feldspars have been observed in 
association with baryte within the sulf ide mineralization of the 
Kipushi Zn-Pb-Cu deposit hosted by Lower Kundelungu dolomites and 
dolomitic shales of Late Proterozoic age and by their breccias. 

Muscovite changes in composition from normal phengitic muscovite 
to a highly barium-enriched white mica. The more barium-rich 
muscovites occur in two mineral assemblages:(i) Ba-muscovite­
adularia-hyalophane-baryte-albite-dolomite and(ii) Ba-muscovite-

• 
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hyalophane-celsian-baryte-albite-dolomite. 
The highest Bao content measured in muscovite is 7.66 weight 

percent but values around 6 weight percent Bao are more conm1on in 
barium-muscovite from both assemblages. These micas and the asso­
ciated .minerals occur randomly throughout the sphalerite and 
dolomite matrix of mineralized breccias. . 

There is a broad positive correlatio~ between Ba and Al in 
tetrahedral positions(Fig.l) suggesting that the excess interla­
yer charge resulting from the replacement of a monovalent 
element(K) by a bivalent one(Ba), is partly balanced by substitu­
tion of Al for Si according tm reaction BaAl=(K,Na)Si (1). 

Ba is negatively correlated with octahedral occupancy as illu­
strated in figure 2; this indicates that the excess interla.yer 
charge is also partly balanced by an increase of negative charge 
resulting from vacancies in octahedral sites. 

Mg does not correlate with Ba,but it displays, along with Fe, a 
relatively well-defined negative .correlation with Al. This subs­
titution is the common phengi.tic substitution of normal muscovite 
(Mg,Fe)2+=AlVI AlIV (2), in which octahedral charge defic.iency 
produced by substitution of Mg for Al in octahedral sites is 
compensated by increasing _ Si in tetrahedr~l positions. The lack 
of correlation between Ba and Mg indicates that the two substitu­
tions operate independantly. 

Feldspars are widespraed in the Kipushi deposit. They are 
divisible into tw~ g!oups:(i) albite and(ii) (Ba-K)-feldspars. 
Albite is the predominant feldspar mineral . both in the country 
rocks and in ores.Its anorthite content ranges from 0 mole 
percent to 5 mole percent. 

Neoformed(Ba-K)-feldspars extend from adularia to celsian. They 
appear in the same mineral assemblages as barian muscovite although 
although a Ba-orthoclase has been found to occur outside t4ese 
associations. Relict grains of baryte were observed embodied in 
adularia. 

The celsian content of (Ba-K)-feldspars. ranges from 1.01 to 
• 

84.04 percent, but no data wera obtained between 5.43 percent 
and 30.53 percent celsian. Gay and Roy(1968) postulated a compo­
sition gap between hyalophane(lS-65% celsian)and celsian(85-100% 
celsian),however the present data indicate that the series adula­
ria-celsian may be continous at relatively low temperature(low 
grade greenschist facies) suggesting that the reported composi-
tional gap,may fortuitous. · 

Structural and textural fabrics indicate that Katangan regional . 

metamorphism post-dated the emplacement of the mineralization. It 
is characterized by low grade metamorphic mineral assemblages of 
the greenschist facies and it is believed that barit1m silicates 
are metamorphic in origin and that their barium content was inhe­
rited from baryte present in the mineralization. 
References 
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THE GEOCHEMISTRY OF BIOTITE FROM THE KIPUSHI CARBONATE HOSTED 
Zn-Pb-Cu DEPOSIT(SHABA,ZAIRE). 

2,CJE, 

~ IV 

Mumba CHABU, Universite de Lubumbashi, 
~.P. 1825, Lubumbashi,Zaire. 

Laboratoire de Metallogenie 
... 

• 

1,1 

Biotite has been observed in the Kipushi deposit,one of Africa's 
largest producers of zinc,germanium and cadmium, hosted by Lower 
Kundelungu group dolomites and dolomitic shales of Late Proterozoic 
age and by solution collapse breccias. The orebody is located on 
theeastern edge of a complex breccia field composed on its 
central part, of huge blocks of diff ~rent lithologies mainly dolo­
mites derived from Upper Roan Gro~p,straiigraphically bel ow the 
Kundelungu Supergroup which is host to the mineraliza tion.Some 
of these blocks have been intruded by doleritic s i lls prior to 
their dislocation. 

Micrprobe analyses indicate that the biotites are actually . 
phlogopites and that the highest fluorine contents ranging from 
4.41 wt.% to 6.39 wt.% and the lowest fluorine intercept values, 
ranging from 1.04 to 1.90, are found in ore-related Phlogopites 
associated with phengitic muscovite, dolomite,sphalerite,pyrite 
and galena or with Mg-chlorite, dolomite,quartz,chalcopyrite and 
bornite. Its mole fraction phlogopite is also very high(0.68 to 
0.95) within the mineralization. A reaction rim is observed around 
certain phlogopite grains embodied in sphalerite. The mica shows 
indented edges .resulting from silicate-sulfide reactions. Small 
relict flackes of phlogopite oriented parallel to the phlogopite 
grain are seen within the reaction· rim. 

Other phlogopite-bearing mineral assemblages,from barren rocks, 
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are:phlogopite, Mg-chlorite, dolomite and quartz; and phlogopite, 
talc, albite, magnesite, dolomite, gypsum, anhydrite and quartz 
occurring respectively in shales and dolomites above the orebody. 
Phlogopite, albite and amphibole are major components of doleritic 
blocks. They are associated with chlorite, epidote and calcite. 

In general, . mole fraction phlogopite, F and Si vary sympatheti­
cal.ly. Phlogopites involved in associations containing gypsum 
and anhydrite behave differently. They have high mole fraction 
phlogopite, in the same range as that of F-rich ones; but signi­
ficantly . low F contents(l.09 to 1.7~ wt.%). 

The best positive correlation between mole fraction phlogopite 
and F content is shown in micas from barren rocks(Figl), whereas 
fluorine enriched ones display an unusual crude inverse relation-

ship in violation of the Fe-F avoindance principle. Mole fraction 
phlogopite shows a well-defined negative correlation with Al VI 
(Fig.2). Thoµgh very rough a similar relation with Ti is observed • 
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Calculations of log(f (H2o)/f (HF)) based on calibrated F-OH 
exchange relations between a .fluid and a mica(Munoz and Ludington, 
1974; Valley et al.,1982; Munoz,1984) indicate higher relative 
activity of fluorine in mineralized areas than in barren zones. 
The observed difference represents at least a one-hundred~f ifty­
fold increase in relative HF activity towards mineralized zones. 

·The development of biotite is attributed to metamorphic processes 
and its F content is interpreted in term of bulk composition influ . 

• 

ence on .metamorphic hydrous minerals geochemistry. This is suppor-
ted by the presence of similar me.tamorphic mineral. assemblages on 
a regional scale and by the observed reaction rims around some 
phlogopite grains, a characteristic feature of silicate-sulfide 
reactions found in metamorphosed ores(Mallio and Gheith,1972). 
References 
Mallio, W.J.,and Gheith, M.A. 1972. Mineralium Deposita7,13-17 
Munoz,_ J.L.,1984. Mineral. Soc. Am., Reviews in Mineralogy,13, 

Baileys, S.W.,ed.,469-493. 
Munoz,J.L., and Ludington, S.D.,1974;Am. Jour. Sci.,274,396-413 • 

• -147-



• 

• 

Valley,J.W.,Petersen, E.U., 
. Mineralogist 67,545-557 

Essene, E.J., Bowman, J.R.,1982. Am • . 
• 

THE FORMAT.ION OF MINERALS BY RECENT HYDROTHERMS 

AT THE RECSK ORE MINE, HUNGARY 

Janos Kiss+ and Melinda J8nosi++, Oepart~ent of Mineralogy+ and 
Department of Petrology and Geochemistry+ , Eotvos University, 
Budapest, Muzeum krt. 4/a, Hungary, H-1088 

During the mining operation of the 

skarnous polymetallic ore deposits at 
Hungary) along the faulted region in the 

levels epithermal (35-57°C) solutions well 
rock. 

porphyry copper and 

Recsk (Matra Mts., 

-690 m and -890 m 

out from the wall 

Level 

-690m 
. 

I-
I 

-890m 

Cations Anions pH Ca2+ Mg2+ Fe2+ NH + 
4 

Na+ K+ (HC0
3
)- (504)2-

mg/l mg/ l 

3527 7303 6,8 590 265 0,08 75,1 2465 107 3545 927 
... 

• 

4764 7097 7,3 290 306 0,03 35,9 3970 127 3626 564 

Table 1. 
Average chemical composition of the epithermal 

solutions at the two levels 
• 

I 

Cl -

2792 

2910 

The precipitated minerals are predominantly calcite and 

aragonite. They form stalactitic masses, oncoides or incrusta­

tions. On the surface of these precipitations (or independently 
of them) as efflorescences, incr ustations or as thin coatings 

, 

the following peculiar mi neral paragenesis was observed: 
NESQUEHONITE MgC03.3H20, DYPINGITE Mg5(C03)4(DH) 2.sH2D, 

NORTHUPITE Na3Mg(C03)2Cl, BLOEDITE Na2Mg(S04)2.4H2D, 

THENARDITE Na2so4, HALITE NaCl. 

These minerals are accompanied by gypsum and sulphur. In the 
• 

examined 140 samples more than ten other minerals can be 
traced in minor quantity. 
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- ~ ~a-t.e.~ ct\e\\\is-t~'! (see. \able l .. ) and the. Q-Ce.ciQi tate.d 

mineral paragenesis are different at the two depths. At the 

lower level magnesian carbonate and chloride minerals occur in 
greater amount in comparison with the higher level and we found 

bloedite exclusively in the samples from the lower level . 
• 

There is a considerable similarity between the mineral 
paragenesis observed at Recsk and the minerals of weathered 
serpentinite, of evaporites, of the inland salt lakes, of 
speleothems. A significant difference is, however, that all of 

the minerals at Recsk discussed here are precipitated from 

epithermal solutions, and the joint occurrence of these minerals 
was not recorded so far. 

The origin of dissolved ions in this epithermal water may be 
related to the ·carbonate country rock (Permian-Triassic), the 

serpentinized ultrabasites (Cretaceous-Paleogene) of rift zone 
(Darn6-line) and the Miocene evaporites (?) . 

... 

• 
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ROUTINE 
PROPOSAL 

APPLIED MINERALOGY 

• 
• 

IN CL-PETROGRAPHY 
OF STANDARD FOR COLOR 

OF CARBONATE 
DESCRIPTIONS 

CEMENTS: 

Pascal Amieux, 108 rue VendOme, 69006 Lyon, France 
Problem in communication of results of cathodolumines­
cence CCL> arise from the difficulties of consulting 
re 1 evant standards and then the di ff i cu 1 ties of using 
appropriate vocabu 1 ary. For description authors ref er 
to "bright" or "dull" luminescence but such terms are 
relative to their sample suites. Terminology qualifying 
the low intensities is highly variable because there is 
no petrographic reference. What is the reality, under 
the microscope, of a "dark-", "background-" or "non-" 

• 

1 um i nescent area ? To he 1 p overcome these potent i a 1 l y 
serious problems, description of CL · characteristic 
should be chosen to be as unambiguous as possible wrote 
John Miller in 1988. 
The aim of this communication is to propose a 

• 

unequi voca I standard so that comparisons between the 
data of different workers may be vali.d. 
As a result of ten years of CL-petrographic 
investigations, as far I know pyrite shows always a 
col or very similar to black in sedimentary, 
hydrothermal or plu~onic environments. This observation 
is obtained either with Technosyn or Nuclide 
Corporation apparatus and also with different kinds of 
microscope <Leitz, Zeiss, Olympus and Nikon). 
Pyrite is a conductive mineral. Considering the energy 
band model <Garlick, 1964>, it exists only a conduction 
band in the electronic scheme of conductive minerals. 
This property implies that there is no electronic 
transition in pyrite which makes emission of photon 
forbidden. Therefore black color observed in pyrite 
under e 1 ectron beam bombardment is a.. tru 1 y non-
1 um i nescent response to the electronic excitation. For 
these reasons I consider that pyrit·e is an unequivocal 
standard of black color and of 0 intensity grade level. 
As pyrite is a widespread mi nera 1 in sedimentary rocks 
large applications to this standard are expected. 
For instance comparison of the pyrite standard with 
very dull colors in carbonates or the so-called "non­
luminescent" carbonates is the mean to distinguish 
black col or from very dul 1 blue and very dul 1 brown 
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colors CAmieux et al., 1989>. The pyrite standard 
a 1 I ows to use this kind of des er i pt i ve terms rather 
than interpretative locution such as "non-luminescent 
cement" from which we have no descriptive information. 
The geological implication of the improvement of the 
descriptive methodo 1 ogy off er s a better understanding 
of the carbonate cements precipitating conditions in 
phreatic environments. 
An other application of the pyrite standard is to test 

• 

CL-apparatus and microscope . efficiency. The results 
• 

should be incorporated in the operating parameters 
table proposed by D.J. Marshall in 1978. Because pyrite 
standard represents also an absolute 0 grade of 
intensity it will be possible to calibrate 
spectrophotometer and then to create useful scale for 
CL-intensity. 
To confirm these applications I am comparing Cwork in 
progress) pyrite standard with carbonate samples coming 
f ram other petrographers so interested enough to he Ip 

• 

in the efficiency of this study CM. Coniglio, 
University of Waterloo, Canada; S. Dorobek, Texas A & M 
University, USA; P. Frykman, Geological Survey of 
Oanemark; J.J. Mancuso, Bowling Green State University 
and J.F. Read, Virginia Polytechnic Institute, USA). 
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<<CRYSTALLOGRAPHIC>> MODELS OF EXCHANGE IN THE 
D!NTAL BONE .. MINERAL TISSuE. S9. t2-1. l1 

. 

p·~K.ArKhipe~o, ~W.Gr.igoryeva, A.iM.Gonohar. 
t.·1;'Vlasova·. Inst.~Geology - Geophysics and Cytology .. 

Genet 1 cs Sib·. Depart. A.cad. Sci·;. __ thi vers 1-
tats=.?pr •. j ~ Novos 1 bi rslC .. 630090. . 

• -· . 

The exposure or dentine and ena1nel structure to 
temperature (T), pressure (P) and their combination 
(T+B) (in autoclave water medium) was studied by di~ 
rpactlon'., IR--spectroscopy and micro-chemical 1nethods. 

Dentine structure was shown to exhibit th& rollo­
wing dir'rerenc• with heating to eoo0 c: in isotherrnal 
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regime the structure transrorms in hydroxil-apatite, 
in Qyna111ic regime carbonat--hydroxll-apatite·-.-,_ Enamel 
appeared to be more stable: with heating to 600,80000 
·carbonate ions are still preserved in the structure.­
At these T .. levels. IR.-.spectra showed ur1usual errect or 
carbonate ions migration rrom <<B>> to (<.!>> positions. . 

The x~ray rerlexes or [hlco • [hooJ ~type were shown 
to increase and those or [ool] ... ype -- to decrease in the 
enamel and dentine structure arter static pressure, 
it ·is this v9ry texture which corresponds to the pla~ 
ne or tooth enamel. The texturation errect is also 
proved by similar rerlection spectra rrom a pressed 
tablet and lattice side (10TO) or natural Kovdor 
F-apatite monocrystal. · 
. The simultaneous (T+P) exposure on the dentine 
structure (treatment in autoclave rilled with H20 up 
to 75X or volume at TrJ150°±2,5°c which corresponds 
to AP"' 5 atm) causes Partial_ elimination or co:;-. H20 
molecules. organic ma_t ter and improvement or the 
crystal! ini ty degree.· 

The pressure and temperature are the ractors=, 
whi eh have constant errect·. on the bone~mineral tissue.· 
The eonrormities discovered correspond to that part 
or exchange which can be oonditionally ascribed to 
the crystallographic model exchange:j.~ The total exchan-­
ge in natural and pathologic conditions depends not 
only on the temperat.ure and pressure but .. exhibit more 
complex patterne . 

THERMAL ANALYSIS OF CHALCOPYRITE ROASTING REACTIONS 

G.Bayer, Institute of Crystalldgraphy and Petrography, 
ETH-Zlirich, 8092 Zilrich, Switzerland 
H.G.Wiedemann, Mettler Instrumente AG, 8606 Greifensee, 

• • 

Switzerland · 

Roasting of chalcopyrite and of the component copper­
and iron sulfides(covelline, chalcocite, pyrrhotine 
and pyrite) has been the subject of many investigati­
ons .The addition of salts in such reactions is of prac-

• 

tical interest because it lowers the decomposition tem-
perature and leads to water-leachable sulfates and 
chloride$.Depending on the kind of salt and on the roa­
sting temperature the separation of copper from iron is 
easily possible. 
The salt roasting of copper bearing sulfides is a very 

• 

complex process involving numerous reaction steps. So-
me of the intermediate reaction products are still not 
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adequately characterized.Therefore it is difficult to 
describe the salt roasting reactions with simple and 
specific chemical equations because a number of such 
reactions takes place simultaneously and/or sequential­
ly, e.g. liberation of sulfur, oxidation sulfide~sul­
fate, in situ formation of chlorine and direct chlori­
nation. 
The aim of the present investigations is to look into 
the reaction mechanism of sulf ide roasting in more de­
tail and hopefully clarify some of the intermediate 
reaction steps.The combination of thermoanalytical me­
thods (Mettler Thermosystems 3000 and 4000) and X-ray 
diffraction proved to be very useful for such studies. 
Mixtures with different ratios of CuFeS 2 {and also CuS, 
FeS , FeS ) and NaCl, KCl or NH 4Cl were heated in 

from 0,2 C/min to lo0 c/min) or stepwise isothermally. 
Some of the preliminary results are summarized in the 
following : Pure chalcopyrite starts to oxdize at about 
4oo0 c,which can be seen from the strong weight increase 
in the TG-curve(Fig.l) .The shoulder at about 42o

0
c · 

points to the formation of an intermediate compound, 

Chalcopyrite ... 1 Chalcopyrite + 3 NH4CI 
• TG-Curve · 

• 43.17 mg 
33.01 mg • air 

• 

E 
air a 01°C/Min 
5 °C/Min E • 

0 ... Weight gain 0 .... 
- t Weight loss 

-
TG-Curve • 

Temperature °C Temperature °C 
It I I I I I I I If I 1 I t 1 1 t' t t r 1 1 t r 1 t 'r f 

200 400 600 100 200 300 

Fig .1. TG-curves of the decornposi tion of CuFes 2 an·a 
CuFeS 2/3NH 4Cl 

temperature cuso4 decomposes to CuO whic reacts at 
still higher temperatures with Fe O to copper ferrite. 
Addition of alkali chlorides to c~a~copyrite lowers the 
decomposition and oxidation quite drastically, especia~ 
-ly in the case of NH 4Cl and KCl. The strong exothermic 
reaction with corresgonding weight increase took place 
already at about 200 C and lower in the case of mixtu­
res CuFes

2
and NH 4Cl.Important for the completeness of 

the reaction- especially in mixtures with NH4Cl - are 
• 
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slow heating rates through the decomposition region(not 
faster than o.2°c/min), covered crucibles and excess of 
salt' addition (preferably 4-5 mole salt/l chalcopyrite). 
The identif~cation o~ the mineral phases in the salt­
roas ted calcines by means of X-ray proved to be most 
difficult and is still not completed. Some of the inte~ 

• 

mediate reaction products probably have the stoichiome-
try of chloro-thionites (Me) 2cuso4c1 2 .The TG-curve of 

reaction with loss of N 4cl followed by only partial 
oxidation(Fig.l). 

• 

S~ <L~ \D ~ 
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NEW DATA ON THE ASBESTIFORM MINERALS 
BALANGEROITE AN D CARLOSTURANITE 

Elena BELLUSO and Giovanni FERRARIS 
Dip. Scienze della Terra - Univ. Torino 

Via Valperga Caluso 37, 10125 Torino (Italy) 
• 

• 
• 

Balangeroite (BAL) and carlosturanite (CST) are two 
silicate minerals recently discovered in serpentinites 
of Italian Western Alps ( Compagnoni et al., 1983 and 
1985 ). BAL and CST occur as brown centimetric fibres 
and macroscop]_cally are very similar .. to long-fibre 
chrysotile with which they have been mistaken since 
ever. 

The crystal structure of · BAL is based on an 
octahedral framework with [001] channels occupied by a 

• 

chain of silicate tetrahedra which has a 9.6 A 
periodicity. In its monoclinic unit cell there are 

• 

four formula units with ideal composition 
M2103(0H)20CSi4012)2 

[ M =Mg, Fe ( major cations ), Mn, Al, Ca, Cr, Ti ] 
(Ferraris et al.,1987). 

The crystal structure of CST can be obtained from 
the serpentine layer by preserving the octahedral 
sheet and by substituting [ Si 207 ]-6 groups with 
tetrahedrally arranged [ (OH) 6 H2 0 ]-6 groups { Mellini 
et al., 1985 ). In the monoclinic cell ( which has the 
same b and c values of serpentine and.a sevenfold a - - -
value · ) there are two formula units with ideal 
composition • 

• 
M21CT1202a(OH)4]{0H)30.-H20 

[ M =Mg ( major cation ), Fe, Ti, Mn, 
( mainly ), Al ]. 

er; T = Si 

A systematic sampling of the serpentinites of the 
italian .Western Alps b-rought to the discovery of two 

• 

and twenty-one new localities for BAL and CST, 
respectively. While the occurrence of BAL is confined 
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to the Lanzo Massif, CST is present in all fracturated 
serpentinites of the explored area; instead, it is 
absent in the foliated serpentinites. An almost 
Mg-pure CST has been reported from Taberg ( Sweden ) 
( 'Mellini & Zussman, 1986 ). CST seems, therefore, to 
be a major constituent of serpentinites. Possibly. 
several serpentines which have been found to be 
Si-poor and H20-rich co~ld be CST. 

Single fibres of BAL and CST have cross-section of 
the order of 10 2 1 and can be intergrown with various 
impurities. These impurities could pollute the 
microprobe analyses because the cross-section of the 
electron beam can be larger than that of single fibres. 
Correlations between the analyzed elements have shown 
that the minor elements really represent substitutions 
in structural sites of the two minerals. Besides, 
some analyses of identified single fibres with a 
TEM/EDS system confirmed the reported compositions, at 
least qualitatively. The compositions of BAL and CST 
from Western Alps show little variations, but these 
are correlated with the localities of occurrence. 

Oriented . associations of CST with chrysotile, 
diopside, antigorite, and olivine can· be explained on 
the basis of epitaxial intergrowths. 

A neutron-diffraction powder pattern for BAL has .. 
been measured on the H.igh Resolution Powder 

• 

Diffractometer (HRPD) at the pulsed neutron source of 
the Rutherford-Appleton Laboratory ( UK ). The 
refinement of this pattern allowed to obtain precise 
values for the ~onoclinic cell. In fact, because of 
a strong orthorhombi·c pseudo symmetry which affects 
BAL, the cell parameters where known only 
approximately • . The refined values are a= 19.163(1), 
b = 19.223(1), c = 9.606(1).A, )'= 89.51(1) 0 (£unique 
axis). 
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MINE ICAI. AND CHF:M I CAL CHARACTERIZATION OF 1'HE ALTERATION 
PRODUCTS AND ORIGINAL ALLOYS OF VERROCCHIO'S BRONZES . 

• 
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CNR - C. S. per la Mineralogia e la Geochimica dei Sedimenti -
Florence, Italy 
Opificio delle Pietre Dure e Laboratorio· di restauro - Florence, 
Italy 

• 

CNR - C. S. · sulle 
~ 

delle Opere d'Arte 
cause di deperimento 
- ~lorence, Italy 

e metodi di conservazione · 

• 

As a preliminary investigation of the restoration of t wo 
outdoor bronze statues by Verrocchio, ''L'incredulita di S. 
Tomrnaso'' (.Orsarunichele, Florence, Italy), a program of chemical 
and · mineralogical analyses as been undertaken in orde r to 
characterize the alteration products as well as the original 
bronze alloys. The principal techni ques employed were: X-ray 
diffraction, IR spectrometry, r e f lected light and s cqnning 
electron rnycr0scopy, ion- and gas - cromatography. 

• 
The patinas samples show a structural differentiation in 

three main layers. The first layer close to the alloy, with a 
typical reddish color, is composed mainly by cuprite and 
nantokite. A second intermediate layer, of greenish color, is 
chiefly made of cupric basic cloride (atacamite). The greenish­
gray upper layer, much ticker than the previous ones, shows a very 
compJ.icated composition, with both corr~:lsion and atmospiieric 
deposition products. The principal corrosion compounds identified 
are: the sulfates antlerite, brochantite; anglesite as well as a 

100 ll Fig. 1 

.... 

- 3rd layer 

- 2nd layer 

- 1st layer 

Origi nal al l oy 

• 

zinc sulfate , and the oxalate moolooite. Inter~1ixed 
. compounds other phases, caused most likely by 
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pollution, were identified. Gypsum is the prevalent mineral among 
them, quartz is fairly aboundant, feldspars are also present. In 
more localized areas weddellite, ammonium sulfate, and some 
nitrates were found. The grayish hue is due to the presence of 
diffused carbonaceous particulates. A natural crystalline 
paraff ine wax, evenkite, of uncertain origin, was also identified. 

The presence of some of the easily water soluble products can , 
be reasonably explained on the basis of the partial protection of 
the statues, situated in a niche of the church. 

The caracterization of the bronze alloys, now under 
investigation by LMI Italian Company, has a great interest from 
hist~rical and technological point of view. Preliminary results, 
carried out parallel with the patinas analyses, seem to indicate a 
~ean copper:tin ratio of about 15:1. Clear evidence of ~· lead micro­
i~les can be noted on the SEM pictures (fig.1) with an apparently 
higher frequency near of the surface. 

Gian Piere Bernardini CNR - C. S. per la Mineralogia e la 
Geochimica dei Sedimenti, ~ia Pira 4, 50121 Florence, Italy 

THE DISCOVERY OP THE LACUSTRINE MAGNESITE DEPOSIT IN 
THE 
AND ITS SIGNIFICANCE 

• 

Cao Guanqin, Wang 'Qizheng, Luan Wenlou & Yang Zhusen, 
Department of Geology,Hebei College of Geology,Shijia-

• . 

zhuang, Hebe!, 050031, The People's Republic of China 
• 

The magnesite deposit newly discovered by the au-
• 

thors in the Early Pleistocene Nihewan Formation,Yang-
yuan, Hebel is a lacustrine type of magnesite deposit. 
It is exposed on the both banks of the Sangganhe River 
in the Yangyuan Basin, occurring in the uppermost part 
of the Nihewan Formation. The magnesite-bearing se­
quence is about 3.5m thick, deposited continuously on 
''the Marli te Member'' of the Nihewan Forrnation,and sit­
uated with angular unconformity under the Late Pleis-
tocene Malan Loess.The buried depth or the sequence is 
usually only one to several meters below the surface. , 
Preliminary investigations indicate that the horizon 
of the sequence is quite stable, but that the composi-

• 

tion and lithofacies are variable. At Kaiyang village, 
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• 

located approximately 14 kilometers southeaet of the 
• 

county town of Yangyuan, for example, the sequence is 
composed mainly of greyish-white feldspar-quartz sil t 
beds with cross bedding and wave ripple and white ear-

• • 

thy porous magnesite beds with pseudo-oolitic texture, 
representing a shore sediment. The silt beds generally 
contain 20-30~ cryptocrystalline magnesite. The main 

seam of the deposit is 40 centimetere thick,containing 
up to 80% cryptocrystalline magnesite. At Helangan,lo-
cated nearly 56 kilometers east of the town, however, 

: the sequence chiefly comprises greyish-white calcite­

aragonite lime mud with horizontal bedding, bearing 
20-25% cryptocrystalline magnesite and representing a 

• 

. 

sediment of lake bottom. 
China is very rich in magnesite resource, but this 

type of magnesite depo~it has not been reported previ­
ously. The scale and genetic model of the deposit are 
still under investigation.Now available geological in­
formation has shown that the deposit seems to have no­

thing to do with any ultrabasic igneous bodies. In the 
western part of North China the Nihewan Formation has 

• 

a widespread distribution in a series of Cenozoic 

fault basins,covering an area of 10,000 square . kilome-
. 

ters.These basins have similar geological environment. 
For instance,there is a larger area of Precambrian do­
lomites developed around each basin.Thus,the discovery 
of the Yangyuan magnesite deposit gives some clues for 
looking for the same type of magnesite deposits in the 

. 

basins and for probably existing parental magnesite 
• 

deposits in the dolomites around them. The industrial 
use of the Yangyuan magnesite is still under study • 

THE LMPROVEMENT OF SLAG PROPERTY • 
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ao Zhenyuan; Mao Yuwen; Yao Dimin ~Univ. of Sci. and Tech. of Beijing 
Beijing 100083. P.R. China 

• 

The titanium slag in Panzhihua Iron and steel ·company contains 16-25% 
of Ti02 • It is an important resource. Titanium distributes almost in 
every phase of minerals in the slag. Applying the conventional dressing 
of original slag collects some concentrated titanium, the tailings still 
have high tenor of titanium. Changing the state of slag crystallization 
so as to get Ti02 relatively concentrated will be favourable to separation 
and utilization as well. Research indicades that both perovskite and 
anolite (Ti02 • Ti 2 03 ) are minerals with high tenor of titanium. However, 
the former exists in the slag while the latter rarely does. The purpose of 
this paper is to seek a ·process to improve the property of slag. 

A series of experiment have been carried out to investigate the 
crystallization property of slag. Adding different agents into the slag 
and melting the mixture with different temperaturetime schedules, we·then 
analyze the results: 

• 
. 

Experiments show the regularity of perovsk1te formation: 
. 

1. When the component of the system contains: MgO 16%, A12 03 14%, CaO 
25~ Ti02 25% and Si02 24-35~ perovskite is the first crystal phase 
while cooling the melt slag • 

• 
• 

2. The crystal of perovskite will increase with the increase of CaO. 
If Si02 increase.. rich titanium augite will crystallize, but very few 
amount of perovskite is found.- Too high ()10%) or too low (<1%) of FeO is 
ttnf avourable to the format ion of pero\lski te. 

• 

. 3. ·with the increase· of crystallization time, the crystal of perovskite 
dey~elopes from branched structure into grant1lar, from smal 1 to large 
crystals. 

4. If Ca0/Si02 >I, perovskite will be crystallized, whether it is under 
oxidizing atmosphere or reducing one. 

Table Crystal Phase Found· in the Different Conditions 

Ca0/Si02 

0.78 

0.56 

I 
I 
I 

Natural 
cooling 

I 

I 

I noly Fassai te I 
I crystal Ii ta I 

I all glass I 
I phase I 

Crystallization time 

2 hours I 

anol i te f 

perovski te I 

a few 
anolite 
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4 hours 

anol i te, .Perovski te 
more and coarse 

more anolite 
• 



• 

• . 

The regularity of anolite formation: 

1. When the slag contains MgO 4.7%, Al2 03 11.6%, CaO 20.7% Ti02 20.7% 
and Si02 42.2%, anolite f jrstly crystallizes under oxidizing atmosphere. 
It can also be formd under reducing condition, if Si02 <36% • 

• 

2. Anolite only exists in the condition of Ca0/Si02 <I, otherwise, per-
ovskite may be found. Some experiment results are show in the table as 
follows: 

• 

What -mentioned above is the characteristics of crystallization of 
perovsk.ite and anolite. Addition of some CaO increases the activity. 
Rea~onable selection of CaO/Si02 and temperature schedule play an impor­
tant part in the crystal formation. It is possible to make such a suitable 
condition in blast furnace so as to improve slag property • 

\ 

~?i.Q..fl) MINERALOGICAL CONTRIBUTION FOR THE CLASSIFICATION OF SLAG 

CHAUDHURI, J.N.B., Suprova Research Laboratories. 27A, Raja 
Basanta Ray Road. Calcutta 700 026, India 

Considering the possibility of the manifold re-utilization 
of slag, it is necessary to classify the slag, which in turn 
is dependent on factors like mineral constitutions, structures 
and textures, density and/or viscosity, the temperature reached 
by the slag, etc. The mineralogical studies on the polymetallic 
dump slag around the Harz mountains, i.e. from Langelsheim 
(S-La), Lautenthal (LSS) and Sieber (S-Si), revealed the 
complexity of the smelted products (CHAUDHURI, 1986), where 
besides the subordinate sulphidic phases, the oxidic phases 
of calcium, iron, aluminium and silicium represent the main 
slag constituents. Based on this . fact the chemistry of the 
slag was determined by the modal analysis of the minerals, 
which were controlled by the XRF, XRD and electronprobe micro­
analysis methods. 

One of the important parameters for the classification of 
the slag is determination of viscosity-composition-temperature 
relastionship during the building of the slag, which 
substantially influences the relationship of components such 
as CaO (BaO)-(Mg,Fe,Zn,Mn)-(Al,Fe)203-Si02 (MANSON and SEGNIT, 
1956) and the corresponding . mineral formation. By applying 
the formula suggested by MANSON & SEGNIT (1956) and modified 
by RINTERHAGER & KAMMEL (1961) to the above mentioned components 
of samples from the Harz Mountains, and by projecting the 
values of the quarte~nary system CaO-ZnO-Si02 at a plane of 
10% Al203 content. it can be inferred that: 
- the compositions of the slags of Lautenthal and Sieber 

substantially differ from the admissible computed value 
for the Pb-s 1 ag by showing a higher Si 02 content; ·this is 
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• 

represented by higher content of fayalite, melilite etc. 
(cf. CHAUDHURI. 1986). The enriched presence of barium in 
the silicate phases (i.e. hyalophane. Ba-melilite) indicates 
the application of Ba-rich flux material for the earlier 
Pb-Zn metallurgy. In contrast. however. the composition 
of Langelsheim-slag (S-La) is characterized by a higher 
Zn-content and shows an approximate coincidence with the 
admissible composition (Gahnite Zone) of the Pb-Zn slag 

- in contrast with the slag from Lautenthal (LSS) and Sieber 
. 

{S-Si), the Langelsheim-slag (S-La) is characterized by 
an extremely low viscosity {?'\, = 2), which may be attributed 
not only to its higher content of sulphidic minerals such 
as sphalerite, pyrrhotite, etc •• but also partly to their 
metallic equivalents. 
The temperature reached by .the slag is calculated by 

projecting the main slag-constituents in the basic ternary 
system CaO+''Fe0 11+Si 02 = 100%. It can be established that the 
temperature reached by the Pb-Zn slag from Langelsheim lays 
around 1150° C, whereas the temperatures reached by the slag 
from Lautenthal (LSS) and Sieber (S-Si) were 1400° C and 1250° 
C respectively. 

• 

CHAUDHURI, J.N.B. (1986): Science & Culture, 52 (1), 19 
CHAUDHURI, J.N.B (1986): IMA XIV. General Meeting Stanford, 

Calif. July 13-18. ext. abstr., 73 
MANSON_,A. & SEGNIT, R. (1956): Proc. Am. Inst. Min. Met., 

• 

· 180. 119 
WIN,TERHAGER, H. & KAMMEL, R. (1961): Erzmetall XIV (h7). 319 

• 

• 

MINERALOGT OF THE INTERMEDIATE ALTERATION PRODUCTS OCCURRING 
DURING THE PTROMETALLURGICAL IREATMENT OF SULPHIDIC COPPER 
ORE (REVERTS) FROM INDIA • • 

Chaudhuri, J.N.B., Suprova Research Laboratories, 27A. Raja 
Basanta Ray Road, Calcutta 700 026, India 

In connection with an optimal utilization and maximum recorvery 
of copper out of sulphidic copper ores, the author has carried 
out mineralogical investigations on their alteration products, 
whi eh occurred after their pyrometa 11 urgi ea 1 treatment by the 
Particle Jet Smelting (PJS) method (KANG et al.. 1982). The 
reverts of Hindusthan Copper Ltd. (HCL, Government of India), 
consi sting of mixed sulphide ores of various copper-bearing 
minerals viz. covellite, chalcocite, bornite. chalcopyrite, 
enargite, pyrite, etc. constituted the feed material. The 
sulphidic ores were ground to the grain size of 50-100 µm, 
as the finer grain size promotes a higher reactivity (CHAUDHURI, 
1985). Apart from a higher metal output (60-80%), the PJS method 
differs from the existing methods of Outakumpu, Brittingham. _ 
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etc.), in having a flash smelting system, where the solid­
gas (oxygen) mixtures are subjected .to a turbulent axisymmetric 
burner gas. The downstream fall-off rate of the solids through 
this (axisymmetric) reaction zone was ea. 33 m/s. The reaction 

• 

products were finally collected in porcelain beakers. 
Ore microscopy; XRD, XRF and electronprobe micro-analyses 

have revealed that: · 
- covellite and chalcocite are almost exclusively transformed 

into metallic copper, the droplets of which are surrounded 
· by a ~hin rim of digenite 
- bornite splits into two different phases of alteration. One 

is in the matte, which consists of cenopheres containing 
metallic copper at the core surrounded by a layer, the 
composition of which corresponds to solid solution of digeni e 
(II) and copper sulphide. The other is in the slag, where 
finer-grained copper droplets are frequently interlocked 
between the skeletal magnetites and spinels showing 
disseminated structures (Cf. AMSTUTZ, 1957-Locking chart) . 
Similar to those of Pb-Zn slag (CHAUDHURI, 1986), some spinels 
are characterized by a zoning indicating a superoxidation. 
The later stage of reduction within the slag phase is 
characterized by the presence of delafossite 

- chalcopyrite frequently shows a sequence of alteration from 
talnakhite (cf. RAMDOHR, 1980) at the outer layer to bornite, 
and finally to digenite and/or copper sulphide at the core 
talteration during oxidation). Sometimes, however, chalcopyrite 
may also be completely transformed into metallic copper, 
digenite (I) and digenite (II) (alteration · during melting 
phase) · 

- Pyrite changes into magnetite with a intermediate alteration 
phase of pyrrhotite (and/or troilite). 
According to the mineral products resulting from the flash 

smelting of the copper bearing sulphide ores (at a temperature 
of around 1800 K) three alteration phases can be differentiated, 
namely (a) alteration occurring during oxidation (b) alterat_ion 
in the smelting phase and (c) alteration during the slag 
reduction and cooling phase. 

AMSTUTZ, G.C. (1959): Proc. Geol. Assoc. Canada, 11, 104 
CHAUDHURI, J.N.B. (1985): Journ. Mines, Metals TFuels, Febr., 

41 
CHAUDHURI, J.N.B. (1986): IMA XIV. General Meeting, Stanford, 

Calif., July 13-18, 73 . , 
KANG, J.S., STEINHAUSER, J. & RUTH, A. (1982): Int. Conf. on 

Copper Metallurgy, Oct. 19-21, Regnica, Poland 
RAMDOHR. P. ( 1980): The ore mi nera 1 s and their i ntergrowths, 

Pt. II, Akademie Verlag, Berlin 

INFLUENCE 
CONTAINED 

. 

OF THE DEGRADATION OF IRON SULFIDES 
• 

IN AGGREGATES ON CONCRETE DURABILITY 
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Chinch6n J.S, Fernandez-Turiel J.L., Lopez-Soler A., 
Querol X. Institute de Geologia ''Jaume Almera'', 
CSIC, C/ Marti i Franques s/n, 08028 Barcelona, 
Spain. 

In the early 1970s, in the Maresme area (province 
of Barcelona, Spain), serious problems were detected 
in buildings made of concrete cont·aining aggregates 
from the Mont Palau quarry (Pineda de Mar) • 

• 

We studied the mineralogy of the aggregates and 
that of the weathering products arising from a process 
in which the most important role is played by the 
degradation of pyrrhotite and pyrite contained in the 
aggregates. A pe-pH diagram of the equilibrium 
reactions of the chemical species involved was 
constructed, in order to interpret the two different 
processes of weathering associated with each of the 
lithofacies that make up the aggregates of the quarry: 
limestone and shale. The limestones (microesparite) 
form the ''Serie Carbonatada''; the shales have a high 
organic matter content and occur interlayered with 
limestones in the ''Serie Negra''. These lithofacies, 
both with iron sulfide mineralizations, belong to the 
Ordovician-Silurian transit series of the northeast of 
the Iberian Peninsula. · 

Next, ·mortars were made using a cement P-450 and 
aggregates from Mont Palau quarry. X ray diffraction 

. 

and scanning electron microscopy equipped with an 
energy dispersive X ray microanalysis system ( SEM-EDS) · 
were used to analyse the evolution of the mineral 

• 

phases of the aggregates and the expansive phases 
produced by the curing process. Considerable amounts 
of ettringite produced by the degradation process of 
iron sulf ides contained in the aggregates were 
detected. 

The results show that the ettringite is the main 
mineral phase that influence the durability of the 
concrete made up with the aggregates from the Mont 
Palau quarry (Pineda de Mar). 

THE USE O~ ANTIOXIDANT CONTAINING MgO-C BRICK ON BOF 
CUI Shuxian, Central Iron & Steel Research . Institute, 
Su Liang-ho, China University of Geosciences, Beijing 
100083, People's Republic of China • . 

Previous research has shown that the addition o~ 
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• 

• -
powdered SiC to MgO-C brick may give improved aupp~e-
aion of the oxidation of carbon a·t high temperature, 
but no detail in study has been reported. In the pre-

. sent paper, three kinds of used MgO-C bricks have been 
studied, namely the .12% graphite containing, the 18~ 
graphite containing, and the 12~ graphite containing 
with the addition of 4% Sie MgO-C bricks.The authors 
find that during smelting,in all the three kinds of 
bricks,there existed a layer of dense periclase.When 
SiC is introduced chemical reactions take place, 

s1c · (s) +co (g) = s10 (g) + 2c (a) 1 
SiO (g) + CO (g) = Si02(s) + C (s) 2 

The newly formed Si02 is precipitated surrounding the 
periclase grains. Reaction bet~een Si02 and Mgo. 2Mg0, 
Si02 is formed. Since forsterite is easily disolved by 

: the early slag, the anti-slag property is lowered. Aa 
a result of detailed petrographic study, and study of 
the CaO-MgO-Si02 ternary phase diagram, the authors 
will prefer the 1~ graphite containing MgO-C brick 
rather than the two other kinds of bricks 

BIOMINERAL AND .THEIR CHARACTERISTICS 
• 

.... 

DAI Yongding, Institute of Geology, Academia Sinica, Beijing 100011, people 
's Republic of China. 

Based on the present data, more than fifty kinds of biominerals have 
• • 

been found by now, not including their amorphous variant and fossilized mi-
• • 

• 

neral. Biominerals are mainly Ca Mg carbonates, Ca Mg phosphates, Si dio-
xide, Fe and Mn oxides and hydroxides, sulfides and sulfates, halides and 

• • 

organic acid salts. Ca Mg carbonates are mainly Mg calcite, calcite and 
aragonate. lbe former two _ mostly occur~ _ in invertebrates and algae; 
aragonite . I mostly occurs -· in molluscs and green algae. Ca Mg phosphates 
are mainly dahllite, occur. in vertebrates, arthropods and inarticulates, 
Si dioxide is opal, occurred in diatoms, silicoflagellates, chrysomonales, 
radiolaria and spongia. Fe and Mn oxides and hydroxides are mainly magne­
tite, hematite and vernadite, of which, the former one is · _ . , in mag­
netobacteria and chiton teeth, the latter two , in Fe bacteria. 
Sulf ides are mainly pyrite, occurred in anaerobic sulfur bacteria. Sulfates 
are mainly celestite, occurred in Acantharid of Radiolaria. Organic acid 
salts are mainly weddellite, mostly occurrJ~ in plants and calculi. 

The major characteristics of biomineral are as follows: 
A. Weak alkali and weak acid salts They are hard to dissolve and apt 

to retain. Even if soluble, they can't largely hydrolyze into strong acid 
or strong alkali to damage organism body.That is the real reason why alkali 
metal elements Kand Na, halogen elements F and Cl, complex anions, nitrate 
and sulfate. can't composite common biominerals basically. 

• 
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B. Calcium co11POund (25 kinds) In fact, co1111<>n biominerals aostly 
contain Ca, so it accounts for the overwhelming 11ajority of total biomine­
rals. Ca is a compasite element in algal Ca proteinate, Ca pectic acid and 
enzyme. Its function is extensively to consist cell wall, fix protein, ca­
taiysis, electrocheaical control, muscle aotion and transmit messages. Ca 
has become the 11<>st i11POrtant metal element in bioaineral due to its larger 
cationic radius than Mg, Fe and Na, weaker alkalinity than K and Na, and 
more abundant than Sr and Ba. . 

C. Oxides (12), . hydroxides (5) and oxysalts (29 kinds) 0 is a major 
element in organis• and is necessary for biochemical and metabolic process • 

• 

Only when the oxygen gas in the atmosphere and hydrosphere increased to a 
• 

certain level, could Fe and Mn oxides and hydroxides, and microaerobic bac-
teria occur. Only further increased the oxygen gas in the atmosphere and 
hydrosphere, could organism be imposed on to increase oxygen reserve in 
body, promote the metabolism and motion.advance the requirement of calcium, 
ultimately arise Ca oxysalts deposited. 

D. Carbonates (10) and phosphates (10 kinds) Carbon is also a major 
element in organism and necessary for biochemical and metabolic function. 
Its redox reaction is the source of energy for organism. P is a necessary 
element in organism. It composes ATP, DHT, nuclei acid and organic phos­
phate, also possesses biochemical and metabolic function, and is indispen­
sable for rememberance, thought and inheritance. The development of these 
two oxysalts are relevant not only to their high contents in the original 
hydrosphere, but also to their weak acidity. 

E. Hydrates (24 kinds) or hydroxY oxysalts (2) Biominerals precipi-
tate out of body -fluid slowly. Almost half of them contain crystal water, 
besides their amorphous variant contains a number· of absorping water.During 

• 

the ontogenetic or fossilized process, they lose crystal water, then elimi-
nate hydroxyl forming more stable minerals. · 

F. Uniaxial negative or approximate to that. Calcite, dahllite, do-
lomite, hematite all are uniaxial negative, aragonite is false one. Bioge­

. netic opal also indicates X-ray spectra of christobalite which is uniaxial 
negative too.That is probably due to one or two directs or planar-epitaxial . 

growth of biomineral. Precursor and pathological minerals are mostly mono-
clinic or triclinic system and biaxial crystal with large 2V angle. The 
symmetry in biominerals is avanced along with the loss of crystal water, the 
elimination of hydroxyl and the extraction of isomorphic ions. 

• 

THE GENETIC STAGES AND EVOLUTIONARY TENDENCY OF .BIOMIHERALS ·--

DAI Yongding, Institute of Geology, Academia Sinica, Beijing 100011, people 
's Republic of China 

. 

. According to their genesis, biominerals can be divided into four stages 
or f acies 

A. precursor stage Bofore ossificating, some crystallite, seed cry-
stal or hydrated amorphous mineral are formed. They contain more crystal 
water. For example, the seed crystal of aragonite is vaterite; the precur­
sor mineral of calcite is monohydrocalcite or ikait; that of dahllite is 
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brushite and octocalcium phosphate; that of hematite is f errihydrite; that 
of pyrite is hydrotroilite. 1bestprecursor minerals are well-developed in 
embryonic and juvenile period, and extremely scarse in adult period. Their 
contents . gradually decrease with ontogenesis. 

B. Ossif icatia stage . Because a great number of biomineral crystals 
gather together, the molecules of crystal water in biomineral are gradually 

· extracted and the biomirieral crystals with no or few crystal waters are 
• 

formed, constructing a dense biomineral body.Ossificatia minerals are major 
biominerals, such as magnesium calcite, aragonite, dahllite, opal (christo­
balite) and hematite. 

· C. Fossilized stage Biominerals totally lose their crystal water, 
for example, opal through christobalite translates into chalcedony; then 
begin losing hydroxyl ions,for example,dahllite translates into franconite; 
at last, isomorphous mixtures are eliminated, for example,magnesium calcite 
translates into calcite. So, biominerals change into more stable minerals. 

D. Pathological stage When organisms catch a disease, they often se-
~ crete some particular minerals, such as whitlockite, calcium pyrophosphate 
and monetite, besides normal biominerals, such as calcite and dahllite, and 
precursor minerals, such as octocalcium phosphate and brushite. Whewellite 
and weddellite are also well-developed at pathological stage. . 

'What mineral the organism adoptes depend on that, during initial bio-
mineral ization of this organism, its component elements ·not only largely 
exist in the · hydrosphere with water soluble compound or complex, but also 
can be uptaken by this organism as indispensable component, participating 
in physiologic process, and can precipitate into insoluble biomineral body 
under certain conditions. For example, the majority of biomineral bodies in 
living organism are made up of calcite or dahllite and only the minor are . 

aragonite or calcite. It is just contrary to recent marine chemical sedi-
ments. This fact reflects that, when the biomineral bodies were generated, 
the hydrosphere had far more· concentrations of Mg cation and monohydrogen 
phosphate anion and less concentration of Ca cation, so organism adopted 
these two biominerals, carried on by means of inheritance and lasted up to 

• 

the present. Owing to the formation of unitive continent, the desalination 
of sea water and the landing of plant and animal, the biomineral bodies of 
aragonite and calcite are increased step by step. . 

The evolution of chemical composition · in the hydrosphere also results 
in a series of biomineral variation. This variation does not mainly display 
a replacement of one by another in same organism; but an alternation, i.e. 
one kind of bioaineral body ( made up of one kind of biomineral ) in this 
taxum of organism may boom along with this taxum and other kind of biomine­
ral body ( made up of other kind of biomineral ) in that taxum of organism 
may decline along with that taxum. The essential evolutionary tendency of 

. 

biomineral is Fe sulf ides ~Fe and Mn oxides and hydroxides •opal ~dolomite 
---·dahllite •Mg calcite •aragonite ~calcite, that is sulfides •oxides •oxy­
salts. 1t reflects the environmental translation, form reduce to oxidate, 
in earth surf ace, and the result from interaction and coevolution between 

• 

the biosphere and hydrosphere . 
• 

ORE-DRESSING MINERALOGY OF KOLA PENINSULA KELSILfl'E BEARING 

ROCKS 
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I 

Dolivo-Dobrovolskaya G.I., Kozyreva L.v. Vladirnirov P.S., Korobeynikov A.N., 

Leningrad institute of mining engineering, Leningrad Geological Institute of Kola Science 

Centre, USSR Academy of Sciences, Apatyty. 
-
In the upper contact zone of apatite nepheline deposites of Khibiny alkaline massif at 

Kola Peninsula wide spreading kalsilite among nepheline syenites (rischorrite) was estab­

lished. This mineral ossurs in a close intergrowths with nepheline and potassi11111 f e1dspar 

for1ning thin (up to 30 m in a cross-section) obling wor1n-shaped or rarely close to round 

_crystals. The availability ofkalsilite in rocks was confrr1ned by electron microprobe, x-ray 
• 

diffrectometry and infra-red spectroscopy. 

Earlier it had been demonstrated that size dependent · properties of pUlverised sub­

stances play sigtnific~nt role in process of ore processing. In connection with that it had 

been proposed to distinguish special variety of substance's state-ultimate elastic particles 

(UCP). The structure size dependend properties of elastic particles are given way to 

prodiction and control, wich make possible to operate with reactions of row materials pro-
• cessmg. 

In laboratory studies of coagulation of kalsilite ore with limestone the following sub­

stances were used: pure calcium carbonate and rischorrite. Ricshorrite is characterized by 

changeable contents of potassium feldspar and nepheline. Femic minerals are minor con­

stituents of the rock, they include aegirine, alkali amphibole, astrophyllite, eudialite, 
... 

biotite, titanite and more rarely apatite and aenigmatite. . 
• 

High potassium content in rocks (up to 15 %) is provided not only by potassium 

feldspar, but bu potassium feldspathoik - kalsilite also. Kelsilite content in rischorrite rises 

up to 20 %, at common amount of·acid soluble minerals about SO-SS%. Rischorrite was 

ground to powder with laboratory mill to obtain amount of ultimate elastic particles. 

Gramilometric analysis was held with Fritsch laser analyzer . 
• 

As a result of studies carried cut, it was demonstrated that coagulation process goes 

on with high velocity on condition that minerals are saturated with structural defects and 

with content ofUCP active phase up to 5%. 

PROPERTIES OF DISPERSED MINERALS 

G.J.Dolivo-Dobrovolskay, P.S.Vladimirov, V.S.Gsidukova, T.N.Koli"aba, V.M.Sizjakov 

Physikal-chemikal properties of substance particles change greatly when their diame­

ter becomes comparable with correlated scale of a physical phenomenon. 

Sizes of fractured small particles (-10) are comparable with distorition fields of me­

chanically defor1ned crystalls. Stability and dedegree of order of small-size-particles de­

pend upon their aggregated properties which differ substanticles depend upon their aggre-
. 

gated properties which differ substantially from separate particle and solid mineral proper-

ties. 
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' Every mineral has peculiar range of particle sizes within which these phenomenon are 

mostly revealed. Particle and aggregate sizes are variable for different structural types of 

. minerals. J>roperties of dispersed minerals are variavble in time . 
• 

Study of technological fehaviour of minerals of different grindings showed that solid 
• 

phases interrelation process passes through the aggragation stades vital role in this ea~ be-

longs to crystallophysical properties of minerals (deffect-capacitance, clearage, 

piezoeffects) which condition ordering of particles in aggragates promoting their stability . 
• 

In some cases ordering and stability of aggragates lead to passivation of minerals blend 

and becomes an obstacle to chemical reactions. · 

Experimental data obtained during study of size grading of monomineral (model) and 

polymineral (technological) samples helped to single out some of main aggragate types dis-

.. tinguishing in composition texture and sizes. The most stable are the geterophaseanand 

monophase aggragates where the central large grain plays the role of orienting base~ 

Fragmental small particles which forrn the surface of aggragate are by an order of size less 

then central grain. Zonality and hterogeneity are determined with the presence of more 
• 

than one mineral phases in the aggragate. 

Crystal-optical data were analised with the Madgiscan image analiser which helped 

to make guantitative evaluation and classification of different types of aggragate ordering 

and texture. 

... 
• 

APPLICATIONS OF MINERALOGY TO BENEFICIATION OF THE 
•• 

PYHASALMI ORE, FINLAND 
Markus Ekberg, A/S Bidjovagge Gruber, Box 160, N-9520 Kautokeino, Norway 
Heikki Papunen, Department of Geology and Mineralogy, University ofTurku, 

SF-20500 Turku, Finland 
• • 

The textures and intergrowths of ore minerals are of prime importance in 

the beneficiation of an ore. Quantitative deter111inations of textural indices were 

made with microscopic sequence analysis of 65 polished sections of the Outokumpu 
Oy Pyhasalmi volcanogenic inassive pyrite-Cu-Zn ore. The indices calculated were 
frequency distribution of grain size, specific surface (Sv), inde?C of intergrowth 

• 

(RAB) and volume of the mineral (V). 
• 

The Precambrian sulphide deposit of Pyhasalmi is metamorphosed and the 

ore n1inerals are recrystallized. Hence, the textures are in general homogeneous, 
only a few weak trends of variation being observed in some ·Parts of the ore deposit. 
A special ore type shown by the indices is the cataclastic pyrite ore on the +660 

level in which chalcopyrite cements the cracks of pyrite. The indices measured also 

indicate that the content of pyrrhotite in the whole deposit increases downwards and 
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on the +660 level towards tl1e southern edge of the orebody.The fo11ns of the 
chalcopyrite and sphalerite grains in the lowerrnost part of the deposit are 

disadvantage in the beneficiation of the deposit. The indices calculated are presented 

in tables and figures. 

• 

• • • • • • • • .. . . . . . .. 
• • • • • • • . . . .. .. . . . .. . . . . .. . . . . . 

• • • • • • • • • • • •••••• • • • • • • • • • • ..... 
••••• • • • • • • • • ••• • • • • • • • • • • • • • • 

••••••••••••••••••••••••••••••••••••••••••• ••••• •••••• . . . . . . . . . . . . . . . . .. . . . . . ...... . . . . . . . .-. . . .. . .. .. . . . . . . .. . . ..... . . ·.·.·.·.·.·.·.·.·.•.·.·.·.·.·.·.·.·.·.·.·. ·•·•·.·•· . . . . . . . . . . . . . .. . . . . . . . . . ... . . . . . . . . . . . . .. . . . . . . . ..• , .... ~ .... . 
••••••••••••••••••••••••••••••••••••••• •••••••••• . . . . . . . . . . .. . . . . . . . . . ..... . . . . . . . . . .. . . . . . . . . . . . ... . 
• •••••••••••••••••••••••••••••••••••••• • •••••••••• . . . . . . . . . .. . . . . . . . . . . . . .... 
• • • • • • • • • • • • • • • • • • • • • • • •••• . ·.·.•.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.···· ·.·.······ • • • • • • • • • • • • • • • • • • • • • • •••• • • • • • • • • • • • • • • • • • • • • • • • •••• 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . .. . . . . . . . 
• • • • • • • • • . . . . . .. . . . 

• • • • • • • • . .. . . . . . . 
• • • • • • • . .. . . . . . 

• • • • • • • • • • • • • • • • • • 

• • ......... 1 
• • • • • • • ••••• • • • • • •••••• ••• •• • • • • • ••••• • • • • • ••••• ••••• • • • • • • • • • • ••••• • • • • • ••••• ••• •• 
••••• • • • • • ••••• • ••••• • • • • • • • • • • • • • • • • • • • • • • • • • ••••• • • • • • • • • • • • .. . . . . 

• • • • • • • • • • • • • • • • • • • • •••••• • • • • • • • • • • • 

MAIN SHAFT 
. . .... ' ...... ... . • • • • • • • • • • • • • • 
~ . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . 
• •••••••••••••• • • • • • • • • • • • • • • 
• ••••••••••• ••• • • • • • • • • • • • • • • ••••••••••••••••••••••••••••• • • • • • • • • • • • • • • • ·o ......... . • • • •••••••••••• •••••••• 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••••••• • • • • • • • • • • • • • • 

• • • • • • • • ••• • • • • • • • • • • • • • • • • • • ••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••••••••••••••••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

• • • • • • • • • • • • • •••• • • • • • • • • • • • • • ••••••••• • ••••••••• • ••••••••• • ••••••••• • ••• •• •••• ••••••••••••••••••• • • • • • • • • • • e ~ • • f f I e f • ••••••••• • •••• •• ••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
~·.·.·.·.·.·.·.·.·. 
• • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••••••••••••••• • • • • • • • • • . . . . . . . .. .. . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . . .. . • • • • • • • • • •••••••••• • • • • • • • • • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••• • • • • • • • • • • • • • • ••••••••••••••••••• • ••••••••••••••••••••••••••• ••••• ••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . . . . . . . . ·~· .. .. • • • • • • • • • • • • • • • • ••••• • • • • • • • • • •••••• •••••• • •••••• • . ·.·.~·.·.·.·. ·.·.•.·•·•·• . ...•.••.. • • • • • • • • • • • • • • ••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••• .. • • • • • • • ;··~;·~.·.;·.j~·~--~~~·~·-!~·-!~·-!··~.·~-·~·-!~·~· • • • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

• • • • • • • •••••• • . . . . . . .. 
• • • • • • • • • • • • • • • ••••••• • • • • • • • • • • • • • • •••••• 

... . . . . . . .. ...... . • • • • • • • • • • • • • • • . . . . . . . ......... . 
• • • • • • • • ••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . 
• • • • • • ••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••• • • • • • • • • • • • • • • • • • • • • • • • ••••••••• • • • • • • • • • • • • • • • . . . . . . . . . .. . . . . . . 

• • • • • • •• • • • • • • • • • • • ••••••••••• • • • • • • • • • • • • • • • • • • • • • • • •••••• • • • • • • 
••••••••••• • • • • • • • • • • • • • • • • • • • • 

... . . . .. • • • • • • • • • •• ••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••• • 

• 

AUXILIARY SHAFT 
~.,.,. ... . . . . . . . . . . • ... . 
•••••••••••••••• •• • •••••• • • .·.·.·.·.·.·.·.•.·.· . . ......... . 
• ••• • ••••••• ••••••••••••••••••• • . ..... ' ... . .. ......... . 
••••••••••••••••••••• •••••••••• • • •••• • • ••• 
•••••••••••••••••••• 
•••••••••••••••••••• 
• • • • • • • • • • • ••••••••• •••••• ••••••••••• •• • 
• • • • • • • • • • • ••••••••• • ••••••••• • • • • • • • • • • • • • • • • • • • • • •••••••••• • • • • • • • • • • • ••••••••• • ••••••••• • ••••••••• • • • • • • • • • • • • • • • • • • • • • •••••• • •• . . .. . .. . . . . . 
• • • • • • • • • • • • • • • • • • • • •••••••••• 
••••••••••• •••••••••• . . . . . . . .. . . 
.•.·.·.·············· • • • • • • • • • • • • • • • • • • • • • ••••••••• • ••••••••• • ••••••••• ••••••••••• • ••••••••• • •••••••••• • • • • • • • • • • •••••••••• • • • • • • • • • • • ••••• •••• • • • • • • • • • • • • • • • • • • • • • • •••• •• ••• • • 

• •• ••• • • • ••• 
• •• • •• • ••• ••• •••• • •• • •• • •• • • • • • • • •• • •• • •• • •• • •• • •• • • • • •• • •• • •• • • • 
• • • • •• • •• ••• • •• • •• ••• • •• • •• • •• • • • • ••• • •• • • • • • •• • •• • •• • •• • •• • • • • 

• • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . . . . . . ._ 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . . . . . . . .. . . . 
• • • • • • • • • • • . . . . . . . . . .. . 

1 (\( J 
• • 

• ?<J(J 

• 1f t(l .. .... . 

.. ~(l(l ,...,_ __ ....,...,, ... ___ _ 
• • • • • • • • • • • • • • • • • • • :'i.,,,L· • • • • • • • • • • • • • • • • • • • • • . . . . . . . . .. . . 

·••••.••·.·•·•·.·.·. ·.· .. . .. . . . . . . . . . . 
• • • • • • • • • • • • . . . . . . . . . . . .. 
• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • •• •••••••••••••••••••• •••••• 

'·!--~-!'"!'~!-~-!'"'~~-!~ .. -!--!~!-~ .. ~~~~~~~~ • • • • • • • • • • r • • • • • • • • • • • • • • . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . .. . . . ... 
OLLI SHA T 

• • • • • • • • • • • • • • • • • • • • • • •• . . . . .. . . . . .. . . . . . . . .. . . . ... . . . . . . . . . . . .. -. . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . ._ . .. . . . . . . . . . . . . .. . • • • • • • • • • • • • • • • • • • • • • • ••• . . . . . . . . . . . . . . . . . . . . . . .. .. 

O SAMPLE 

a 
0 

°' N 
x 

LOCATION 

0 
0 . ,.... 
N 
x 

0 
0 
l/) 
N 
x 

. . . . . . . . .. . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . .. . . ... . . . . . . . . . . . . . . .. . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . .. .... . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . .. . . . . . . . .. ... . . . . . . . . . . . . . . . . .. . . . . . . . ... . . . . . . . . . . .. . . . . . . . . . . . . ... . 
• • • • • • • • • • • • • • • • • • • • • • •••• • • • • • • • • • • • • • • • • • • • • • •••• 

• • • • • • • • • • • • • • • • • • • • • •••• . . . . . . . . . . . . . . . . . . . . ...... 
• • • • • • • • • • • • • • • • • • • • • •••• . . . . . . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . . . .. . ... . 
• • • • • • • • • • • • • • • • • • • • ••••• ·.·.·.·.·.·.·.'\.·.·.·.·.·.·.·.·.·.·.· .. ·.•.·.••·.· 
• • • • • • • • • • • • • • • • • • • • ••••• • • • • • • • • • • • • • • • • • • • • •••• · · · · ··::oo:::· · ·.· · :=oo· · · · · . .... _. ... ___ . . . ~ .. -..... -, . . 

• • • • • • • • • • • . . . . . .. . . . . .. . . . . . . .. ..... . 
••••••• fl' • • • • • • • • • •••••• . . . . . . . . . .. .. . . . . .. . . ...... . . .. . . . . . . . . . . .. .. . . . ..... . ... . . . . . . . . . . . . . .. . . .. . ...... . .. . . . . . . . . . . . . . . . . ...... . 
• • • • • • • • • • • • • • • • •••••• 
. . . . . . . . . . . . 0 .. ..... . . . . . . . . . . .. . . ..... . . . . . . . . . . . . . . .. . . . . . . . . . .................. . 

• • • • ._ .. e 4 • • e 0 . • . e • e e I . . . . . . . .. . . . ..... . 
• • • • • • • • • • • • ••••••• • • • • • • • • • • to() •••••••• . . . . . . . . . . . ...... . . 

• • • • • • • • • • ••••••• . . . . . . . . . . ...... .. 
.. • • • • • • • • ~ t ....... .. ... .. .... ' , .... . ... . . . . . . . . . .. .. .... . . . . . . . . . . . . x . ... ... . • • • • • • • • • •••••• . . .. . . . . . . ...... . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . .. . .. . . . . .. .. 

• 7 (1() 

of the Fig. 1. North-south trending longitudinal projection 
Pyhasalmi ore deposit with sampling areas. Several samples 
were commonly taken in each area . 
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Fig. 2. Some iextural indices ·plotted on the · longitudinal 
projection of the ore deposit: A .,. specific sur-face .of pyrite·, 
B specific surface of chalcopyrite·, C .specific sudace .of 
sphalerite, D internal surface·:-of pyrite ~W,egat~s . (in~er-
growht index of pyrite-pytjte grains) · · 

MINERALOGICAL CHARACTERIZATION OF FLY ASHES FROM SPANISH 
THERMAL POWER STATIONS 

Fernandez-Turiel J.L.(l), Querol X.(l), Ramirez del Pozo 
C.(2), Chinch6n J.$.(1), Lopez-Soler A.(l), Felip6 
M. T. ( 2) and Neikov C. ( 3). ( 1) Insti tu to de Geologia 
''Jaume Almera'', CSIC, C/ Marti i Franques s/n, 08028 
Barcelona, Spain. (2) Fae. Farmacia, Univ. de Barcelona, 
08028 Barcelona, Spain. (3) Geological Institute of 
Academy of Sciences, Str. Acad. Giorgi Bonc·ev, 1113 
Sofia, Bulgaria. 

Fly ashes of sixteen coal thermal power stations 
distributed throuhgout Spain have been characterized. 
Coal from different coal-mining districts is supplied to 
these power stations. These coals vary in terms of coal 
rank, geological context and age. Althoug the combustion 
parameters of the sixteen thermal power stations are 
different, all of them use conventional bed combustion . ' 

technologies. · 

Each of the samples was chracterized in detail: 
physically (specific gravity, particle size 
distribution, particle morphology, polour, hydric 
retention and lost on ignition), chemically (major 

.oxides and trace elements: Au, Ag, As, Ba, Br, Cs, Cu, . 
Co, Cr, Hf, Hg, Ir, Mn, Mo, Ni, Pb, Rb, REE, Sb, Sc, Se, 
Sr, Ta, Th, U, W, Zn and Zr) and mineralogically. · 
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The mineralogical study was carry out by means of X ray 
diffraction quanti tai ve analysis, scanning microscopy 
equipped with an X ray microanalysis system (SEM-EDX) 
and_ rnicroprobe. 

The fly ashes are made up of alumosilicatic glass, 
calciurn-alumosilicatic glass, quartz, mullite, hematite, 
spinel, lime, and anhydrite. The quantitative 
mineralogical analyses were carried out employing the 
addition method, using quartz as reference phase since 
this phase is present in all samples. 
Particular emphasis was taken in the study of iron 
spinels. The results show that the position of Me 2+ is 
occupied by Fe 2+, Mg 2+, ca 2+ and Mn 2+, while the position 
of Me 3+ is occupied by Fe 3+ and Al 3+. 

This work shows that the mineralogical. compositions of 
the fly ashes studied depends on to major factors: a) 
the mineralogy of the coal used as fuel and b) the 
combustion temperature. 

The results ob~ained provide a basis for the utilization 
and disposal of these wastes and to the study the 
environmental implications derived from the 
mineralogical transformations produced during the 
combustion processes . 
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Fig. 1. Location of the· studied 
coal thermal power stations. 

STUDY OF MINERALS IN VANADIUM-CHROMIUM-BEARING SLAG 

Ge Shuhua, Zheng Zhou Institute of Multipurpose Utiliza-
tion of Mineral Resources, 
Republic of China 

Zheng Zhou, Henap, 
• 

People's 

Titano-magnetite often contains a little vanadium 
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• . 

and chromium, yet . they have economic value, the titano-
• 

magnetite of Pan Zhi Hua ore erea contains 0.54% v2o3 , 
while tha·t in Hong Ge' 0.53% v2o3 and 1.13% Cr

2
o3• Af­

ter dressing vanadium and chromium were concentrated, 

then they were concentrated into liquid iron again, in 
iron making in blast furnace. The liquid iron obtained 

contains 0.38% V, Hon Ge contains 0.37% and 1.02% Cr • 
The valuable vanadium and chromium may be retrieved.Af­
ter blowing, oxidizing, slags are formed and vanadium , 

• • 

chromium retrieved from iron liquid, concentrating into 
slag. Then the slag becomes beneficial. Vanadium may be 
concentrated to 17% v2o5 , when the slag contains a lit-

• 

tle chromium, the vanadium may be also reduced to 8% 
v2o3 in case slag is rich in chromium. In addition, the 

v~enrichad slag still contains gallium 0.05%. 
Minerals composition in slag is simple. The main 

minerals are rich-V magnetite, V-chromite, silicate fa­
yalite and a little inclusion of metallic Fe. The cha­

racterestics of rich-V magnetite and chrom1te are as 
• 

follows: 
Rich-vanadium magnetite 

• 

Chemical formula 

Rich-vanadium chromite 
Chemical formula 

Fe6.79Mn.68ca.ooMg.04 Fe6.31Mn.s1Mg.05Ca.09 

v8.31Fe4.38Ti1.7B032 

Isometric system 

Cr9.92v4.12Fe1.17Ti.06°32 

Isometric system 

Unit cell Z=8 
Cell parameter a;B.476~ -
Sp~cific gravity 4.85 
Hardness 764.3 Kg/mm2 

Reflection percentage 

R=15.47(48~), 16.34%(645) 
General crstal form in 
polished section -octohedral 

(111), cubic(100) 

Unit cell Z=8 

Cell parameter a=S.39~ 
Specific gravity 4.87 

... 

Reflection percentage 

R=18%(green), 15.3%(red) 
General crystal form in 
polished section octohedral 

(111), cubic(100) 
• 
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Phase diagram for tne JOlnt ~e-~ sys\em a\ low ~res­
sure show that magnetite is stable at high temperature. 
Isomonphous substituttion of Fe3+,v3+,cr3+ exists exten-

; 

sively in spinel, magnetite and chromite are all the end 

menber components of spinel solid solution. Crystalli~ 
zing sequence of oxides mineral (V-bearing magnetite and 

V-bearing chromite) in iron liquid at about 140o0 c don't 
• 

depend on the decrease of temperature, but depend on se-

quence of metal oxidizing at temperature condition. 
Free energy is the criterion of sequence of forma-

tion of metallic oxides. Free energy of element reacted 

on ox:fgen in slag is in the following sect~ons. 

4/3 V+02=2/3 V203 1800K G0 =-125.10 K Cal 

1809K 

L---liquid 
The less th~ free energy G0

, the more prior the oxi~ 
dizing will take place, After oxidizing of vanadium and 

• 

chromium and iron produce priorly vanadiam magnetite or 

chromite. Vanadium and chromium content in oxides mine~ 
. 

• 

rals -have close relation to blowing in which time, tern-
• 

perature and oxygen density in air pla an important ro-
le.1300-144o0c is the best temperature range of blowing 
technique adopted. The blowing time, oxyge~ density are 

related to oxidizing degree of vanadium andchromium • 1n 

iron liquid. When over oxidation occurs, according to 
isomorphous substitution v3+or cr3+ can be replaced by 

Fe3 · , or magnetite lonely be formed. When oxidizing is 

lacking, vanadium and chromium would remain in iron li­
quid, Incase blowing proceeds in the best way vanadium 

• 

content in slag is the most with the decrease of iron 
• 

loss, otherwise in~reases, vanadium and chromium grade 
in slag were low content • . V-bearing and er-bearing oxi­
de minerals are all solid solution and they floating on 

iron liquid. Silicon remained in iron liquid oxidized 
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speedily to be Si02 ( G0 Si+02=-135K Cal, 1773°K), while 
it reacts with FeO melting liquid phase, as they are 
gluing oxides, then named V-Cr-bearing slag product. 

\ 

~ · THE SLOW COOLING OF CU-NI-S MATTE AND SELECTIVE GRAIN-
~.rt. \o · 

• 
• 

SIZE FOR MINERAL PROCESSING 
• 

Ge Shuhua, Zhu Huijuan, Huang Yaqin, Zheng Zhou Insti­
tute of Multipurpose Utilization of Mineral Resources 

• 

Pyromettalurgy is mostly used to separate nickel 

and copper from ore and concentrate them into copper­
nickel matte. Then through slow cooling and crushing-. 
grinding-magnetic separation-flotation, the nickel and 
copper sulfides are separated. The main minerals in the 
matte are heazlewoodite(Ni3s2), chalcocite(Cu2s) and 

alloY(CuFeNi8_10). The purpose of slow cooling is to 
make the cu2s crystals grow larger, be«ause the size of 
chalcocite grain is the key of separation efficiency.In 
order to investigate the mechanism of mineral separa-

• 

tion, we simulated the industrial cooling speed and got 
mattes samples at different temperature intervals. Then 
the samples were quenched by water and tested by deter­
minations and consequently microscopic examination were 
carried out. It was discovered that the specimens which 
were sampled above 580°c, all contained 8% of eute6tic 

The eutectic point of the matte is about 580 C, so the 
slow cooling under the eutectic point(580-40o0 c) is ve~ 

ry important. Recrystallization of the Cu~S micrystal 
in this stage is very active, the Cu2s microcrystal 
grows larger. 

After slow cooling of remelting matte for 50 hours 
temperature dropped to 390°c, the Cu~s microcrystal di­
sappeared and all cu2s crystals were of the ·s±2e of mo-
re than 100 um being favorable for processing. The re-

• 
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melting experments were carried out in a resistance 
furnace filled with argon in order to avoid oxidization 

• 

and the specimen was covered with some original fine-
-

grained slags. When temperature reacned 1200°s, the 

specimen completely remelted. After slow cooling, sam­
pling was carried out and specimens were studied. 

The copper in heazlewoodite occurs as inclusions of 

cu2s ffiicrocrystals in Ni3s2 basis, but not as solution. 
The result of microprobe analysis proved that there was 
no ' isomophous substitution between Cu and Ni in Ni3s2 
and Cu2s, and they were actually inclusions without mu­
tual solid-solution. Recrystallization and growing of 
cu2s rnicrocrystals depend on the diffusion process. It 

is mainly vacancy diffusion and lattice diffusion. The 
higher the temperature, the higher the disordering de-

• • 

gree of the crystal therefore the bond force in lattice 
reduces,the activity of molecules increased recrystal-

... 

lization is more active, so the slow cooling from eu-
• • 

tectic point to 4oo0 c is very important.Entropy value 
of recrystallizaation of cu2s is 43.56 ca1°c/mol, 

Except about 8% microcrystal of cu2s remained in 
substrate, most of the cu2s crystal gains sampled at 
above the eutectic point(580°C) grew larger, while the 
cooling time was prolonged. 90% of cu2s crystal at 
1000°c was greater than 20um, that at 790°c greater 
than 40um,at 580°c greater than 100um, and under 4oo0 c 
almost all were greater than 100um. 

THE APPLICATION OF PROCESS MINERALOGY TO PYROMETALLURGY 
Richard D. Hagni, Department of Geology and Geophysics, , h . ?~~.r 
University of Missouri-Rolla, Rolla, Missouri, USA 65401 
Pyrometallurgical products are readily studied · by process 
~ineralogical techniques. The techniques involve especially 
r~flected light microscopy, but also include scanning electron 
microscopy, electron microprobe, and automati·c image analysis. 
The wide variety of pyrometallurgical products that can be 
studied and include sinters, mattes, slags, drosses, flash 

• 
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furnace products, ceramic build-ups in electric induction 
furnaces, and others. Mineralogical studies of those products 
can· contribute valuable information regarding the mineralogy, 

· precise phase chemical compositions, phase abundances, grain 
sizes, grain shapes, microtextures, phase distributions, 
partitioning of chemical constituents between phases, and 
presence of deleterious constituents. The value of such studies 
can be illustrated by a number of industrial case histories. 

The different types of reactions that occur within the flash 
furnace are especially amenable to study by reflected light 
microscopy. The solid-gas reaction of pyrite in the furnace feed 
to form radial fibrous pyrrhotite can be directly observed in all 
stages of completion. Further oxidation forms radial fibrous 
magnetite and hematite pseudomorphous after pyrrhotite. The 

: newly formed oxidation products appear at the margins of the 
falling pyrite particles and gradually progress inward. Pyrite 
particles that melt prior to reaction and therefore react by 
liquid-gas reaction form granular pyrrhotite, magnetite, and 
hematite. Falling chalcopyrite particles that react by solid-gas 
reactions exhibit angular shapes and a succession of phases that 
include bornite, digenite, chalcocite, and metallic copper, 
together with the formation of the oxides, magnetite, hematite, · 
cuprospinel, delafossite, and tenorite. The reaction of 

·chalcopyrite by liquid-gas reaction forms particles that are 
spheres and cenospheres with intermediate solid solution, bornite 
sol·id solution, digenite, chalcocite intergrown _in exsolution 
textures and rimmed by the iron and copper-iron oxides. The 
extent of agglomeration and fragmentation of the particles during 
flight through the furnace can be evaluated by reflected light 
microscopy. The extent of copper entry into the iron oxide 
phases can be determined by electron microprobe microanalysis. 
Cobalt and nickel are very difficult to extract by flotation from 
the Viburnum Trend ores in the Southeast Missouri Lead District, 
which contains the second largest cobalt reserve in the United 
States. Recent pyrometallurgical efforts on cobalt recovery have 
centered upon submerged bath smelting. Reflected light study of 
those products shows that cobalt can be crystallized in 
coarse-grained cobaltpentlandite and as a solid solution 
substitution in iron-rich sphalerite. Nickel has formed shandite 
incorporating deleterious lead. The presence of large amounts of 
air during smelting favor cobalt and nickel segregation • 

. 

The mi·neralogy and character of phases in lead dross that cause 
lead entrainment during dressing of lead bullion can be 
determined by process mineralogy techniques. In addition to 
metallic lead, common phases include metallic copper, galena, 
chalcocite, albandite, and copper-lead sulfides. Pre-quench · 
crystals are larger and usually exhibit skeletal forms, whereas 
.quench-generated phases are very ~mall and distributed throughout 
the lead matrix. Skeletal crystals of metallic copper and 
chalcocite were observed to form three dimensional networks that 

• 
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entrain large amounts of metallic lead. 
Mineralogical differences between 11 slick 11 dross and normal lead 
dross from the Herculaneum, Missouri smelter may explain the 
causes of the development of drosses that are difficult to 
handle. Copper occurs as copper-lead sulfide in slick drosses 
and as chalcocite and covellite in normal drosses. 

Reflected light microscopic study of the slag from the 
Herculaneum lead smelter shows that zinc losses are in the form 
of olivine, spinel, and glass. Lead losses occur as metallic 
lead. 

Sticky and difficult to handle slags from a secondary copper 
refinery were found by reflected light microscopy to contain 
significant amounts of corundum. Corundum forms ring structures 
that are relic after aluminum wire choppings present in the 
copper smelter feed. . 

Process mineralogical study of lead sinter from three Missouri 
sinter plants has shown that it contains a surprising variety of 
phases, including lead sulfide, metallic lead, lead oxide, 
lead-copper s~lfide, lead silicate, and wollastonite. 

CATHODOLUMINESCENCE MICROSCOPY OF REFRACTORIES 
Richard D. Hagni and Musa Karakus, Department of Geology and 
Geophysics, University of Missouri-Rolla, Rolla, Missouri 65401 
Refractories are especially well adapted to an examination by 
cathodoluminescence microscopy because many of the constituent 
phases show strong cathodoluminescence. The recognition of the 
various contituent phases, their distributions, grain sizes, · 
grain shapes, variations in chemical compositions, and extent of 
corrosion by metals are readily studied by cathodoluminescence 
microscopy. Examples of refractory phases that cathodoluminesce 
and the character of their cathodoluminescence illustrate the 
important value of the technique. 

The distribution of the bonding phase in refractories, an 
important aspect in the refractory industry, can be quickly 
assessed by cathodoluminescence microscopy. The silicate bonding 
phases in periclase and periclase-chromite refractories, for 
example, commonly exhibit bright yellowish, locally bright red, 
and rarely bluish grey cathodoluminescence. In contrast, under 
ordinary transmitted light microscopy the silicate bond can be 
obscured by light diffraction at the periclase grain boundaries. 

Certain refractory phases that may be easily overlooked under 
ordinary light microscopy are readily detected with 
cathodoluminescence microscopy. The presence of ferrite spinel 
in a magnesite refractory, for example, can be detected by its 
red cathodoluminescence. Silicate inclusions are revealed by 
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their yellowish green cathodoluminescence. 
• 

In chrome-magnesite bricks, periclase grains typically exhibit a 
deep orange .cathodoluminescence. Where magnesium has diffused 
into the margins of chromite grains, they are characterized by 
bluish grey cathodol~minescence in contrast to their 
non-cathodoluminescent character elsewhere. 

Zircon refractories exhibit intense cathodoluminescence in 
various sh~des of blue. Zircon sand grains typically exhibit 
dark blue cathodoluminescence and are readily distinguishable 
from the fine milled zircon, which shows light bluish grey 
cathodoluminescence, that sinter the sand grains together in the 
refractory. . . 

Muliite tends to show a dull violet cathodoluminescence in 
~ mullite refractories, and have dull blue cathodoluminescence in 

fireclay refractories. Corundum in high alumina refractories 
exhibits dull bluish green cathodoluminescence. Some crystals of 
silicon carbide in silicon carbide refractories show reddish 
brown cathodoluminescence although most are 
non-cathodoluminescent. · 

Cathodoluminescence microscopy is especially useful in the study 
of ceramic build-ups that are formed in electric induction 
furnaces. Ceramic build-ups are undesirable hard and dense 
deposits that form in or near the throats of channel induction 
furnaces used in iron foundries as melting and holding furnaces. 
Under ordinary transmitted light most of the phases have similar 
properties. Cathodoluminescence microscopy has been found to be 
ideally suited to the rapid recognition of most phases present in 
the build-ups. Spinel usually cathodoluminesces bright green, 
but may show blue-green or red depending upon the presence of 
various minor activator elements, such as chromium, ferric iron, 
etc. Compositional zoning may be revealed in spinel crystals by 
cathodoluminescent red cores and green rims. Corundum usually 
shows dark red cathodoluminescence, but may also exhibit purple, 
blue, orange, and yellow-white cathodoluminescence. Periclase 
usually shows dull brown cathodoluminescence, but it may also 
exhibit violet blue, reddish, orange, and yellow cathodolumines­
cence. Forsterite typically exhibits red, and anorthite may show 
blue to yellow green cathodoluminescence. Hibonite or 
Ca-hexaluminate has strong medium to dark green cathodolumines­
cence • Silica usually shows dull blue to dull brown 
cathodoluminescence, but it also may be pink and red. Mullite 
cathodoluminesces dull orange. Monticellite commonly occurs as 
reaction rims around forsterite and shows ·light blue and pale 
yellow-orange cathodoluminescence. The gehlenite end member of 
the melilite series exhibits deep blue cathodoluminescence. Rare 
earth silicate phases, which are present in small amounts in some 

. build-ups, exhibit pink cathodoluminescence. The calcium 
sulfide, oldhamite, emits strong yelllow orange 
cathodoluminescence~ Most glasses in the build-ups exhibit 
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orange cathodoluminescence, but those that are intergrown with 
m~lilite crystals are blue. A better understanding of the 
mineralogy of these deleterious deposits may lead to devising 
steps that prevent or .diminish the formation of the build-ups • 

• 

MAKE AN APPROACH OF TECHNOLOGY ON MALACHITE OF Fe-Cu DEPOSIT IN TONG LU HILL 
• 

1It1 · CJ1e119cl1en9, Dn)'a Desi911 n11d Researcl1 I11st i tute of No11ferrous Metal 
Company, Rube i, Cl1ina 

To 119 L 11 Hi l l i s l or; n t e 11 Sot t t 11 we s t J Km o f Day a c o 11n t y, H tl b e i p r o v i n c e • The re 
are tens CO!lJJer mi11es from small sr·nle tcJ largr scale i11 So11tJ1east area of 
H11bei provi11ce. 011ly are tJ1ere a lnrgP. r111ml'aer of tec1111ological malachite to 
be fo11nd in To119 Lt1 }Ii l l. Tl1c reaso11s mn)' be: tl1(> resrr\·es of copptr rleposi t 
in Tor19 Ltt Hill belong to lC\rgc sc:-ate. Tl1e co1lper-henring grade is 1. 7~o 
( a, .. e r a 9 e ) • J t i s t 11 e mos t r i r 11 e s t o 11 f' i 11 c or p e r - l• e n r i n g i n l n r g e s c a l e n11 d 
i· icl1 copper de.posits in Sotttl1east of JI11hei. Therefore, it was provided wi tl1 
material ha~is for formi119 malacJ1ite. Tlie depo~; if also is located 011 tl1e 
s 11 ore o f D a ;1 a . L ak e i n m i d d l e- l owe r re a c 11 e s o f \'an g t z e R i v e r. The c l i ma t e 
belor19s to s11btropicnl zone of i11la111I, Air te1nperntt1re is moderate n11ri full 
of rainfult. It is a very fa\rourable conditio11 for reat~tion of oxidize a11d 
redt1ctio11. Tl1e geologica tecto11irs arti\·it)' \~C\S ''erJ' frr'}tte.11tlJ' in tJ1is are.a 
since \'an r,fou11tain periotl. TJ1e C11-Fe skar11s de11osit was formed by 
-q t1 a r t z -d i o r i t c b r o tt g 11 t i 11 t o c o 11 t a r t w i t h l i m s t o J t e. o f T r i n s s i c s )' s t e rn • T 11 e 
tecto11ics n•~ ti\'ity was co11tinttec{ n11•i formed enviro11me11t of downward 
e 11 r i c l1m e 11 t o f mi 11 e r o g e 11 e t i •: so l 11 t i o 11 de po s i t • Mo r Po\' c 1·, t Ji e co 11n t r :1 rock o f 
t11is deposit is marble and .tl1ere are mnny iror1-l•eri119 minerals associated 
\1 i tJ1 Sll t f ide r.oppe 1· i .1t t11c ore.. As me11 t i oned aLo\·e, t lLe~' st1pp l i e.r w i tl1 
n1aterial to formed malncl1i te. 
Tl1e varieties of malacl1i te i11 tJ1is mine l1a\'e r.J1al•:ostnkt i te, dilt)'dri te., etc •• 
Tl1is kin(l of malncl1i te whirl1 ca11 t,e sol\1ed f,). acid is mai11 \·ariet_}'. The 
colours J1a\'e e111erald green, hlnckisl1 9ree11, pi11k gree11, sk~· -hll1e, 
etc •• brigl1t and l11strot1s, pat ter11 quite deffe1·e11t. TJ1r loose tex't11re 
malacl1ite looks like peat"ock sl1owin9 its fJenutift1l fentJ1er, \1elvet and 
silk-sa11cl sntins, jarle coming 011t frorn n1inrotitic (a\'ilj', sJ1erl1li11g its ra)'S 
in all •lirections. 1·11e compact texture malachite looks like stnlacite ttpside 
do\·~11, ripplep on tl1e blt1e. sen, tl1e Eigl1t Diagrams on tl1e tortoise-shell, pod 
with grape, mt1n9 heart wi tl1 green leA\'es. woolle11 grai11 of pine tree n11d 
cypress. After maki119 i11to J1a11aJicarft nrticl, it tJer.amc more tJenutiful whir.11 
sl1ows beautiful decorative pattern a11d peculiar prosprct. some of tJtem 
appear discolour, mt1119 benr1 ·wi tl1 grr.c11 lrn\'es, rat's e:·e flash of Light. 
Tl1ese are more valuable vnriaty of malachite. 
Malacl1itr. ca1l be clnssificrl i11to f\•;o tecl111ologicnl t)'pe.s base on quality, 
t ext u re nnd t e c hn o log i c a l c 11 a r a c t e r i s t i c . · 

1. loose texture malaclti te. Tl1is ki11ct of mnla1~J1i te sJ10\vs loose textt1re 
and \Vas mixed up wi tl1 limoni le, li9J1t green to dark green. Texture and 
structltre 11a\'e: pl11mose, nr.icular, fil1ri form~ si lki11ess, radiating, 
l1one)·comb, outer CO\'ering, nel\vork. etc •• They ca11 be 'ma•le potted landscape 
o.r d e co r a t iv e a r l i c l e bas e o 11 i l s 11 a tu r e o u t \~a r d a pp e a ran c e • 
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2. Compact t ex tu re malachi le. It can be cl ass if i ed in to two s'ub-types 
according to colour of dnrk green or pink gree11. A> • Dark green and 
f i br if orm texture malachite. It has green to dark green co lour,, J1i gher 
dens i ·t y and hard n e s s, c once. n t r i c z on a l or s t r i p e d s t r u c t u re., good po l j shin g 

. property. It is an excelle11t material for making ring-face. heart-shaped, 
eardrop, necklace. B>. Eme·ral 9re.e11 wi tJt striped structure •alachi te. It 
has ligl1ter colour, lower-hardness, compact texture and zonal structure, aany 
cJ1ange decorative ~attern. Some look like the moon shed li9l1t on gre~n 
champaign or like rw111ing water coming f roa high mountain or like wave ring 
sl1eding its ra)'S in all directions or like cloud lnj•er densely covered, etc •• 
It ls a good material for aaking seat. necklace, heart-shaped, bow tie. 
In short, 1J1e malacJ1i te of Fe-Cu dcpos it in Tong Lu Hill is a kind of 
valuable material of i11dustrial art. · 

• 

• 

Ol~ OCCURRENCE OF t~ IOBIUJ·t II~ Sl"AG FROl·t OPEN 
llEARlli FURt~/\CE Itl B~.(J STEEL 

Huang Fengyin,Department of Geology, University of science and Technology 
• • 

, BeiJing, 100083 PRC 
The average Nb content in slag from open hearth furnace of Baotou iron and 

Steel conp. is 0.3--0.4% . Nb occurreuce in this slag was investigated in 1982 
. Nb characteristics and patterns of concentration in different phases of slag 

" 

were found out . Ll1ey ar'\t.~ : 

1. In slag of open. hearth furnace t~b car1 be found in certain minerals, in wh 
-ich Nb concentrated; 

2. Basicity of slag affects the patterr1 of Nb co11centration~ When slag havi 
\ 

-ng lower basicity ,Nb content will be higher ,since maneegan-niobite (or niob 
-ium-bearing firrojacobsite) is formed; tl1.e higher the basicity, the lower the 
content of Nb 0 ; because t~b gets in isomc>r·phism and is dispersed in niobium­
bear ing calcium f erroaluminate ar1d other minerals; 

• 

3. behavior of Niobium is affected by metallurgical conditions; at the begi 

-nning of metallurgical process there is reducing atmosi)here in furnace ,Nb · is 
in co1nbination with Fe21 .~fnlt , forming mang;1no-niobile (or niobium-bearing ferro 
-jacobsite ) ;as time goes on, atmosphere i11side furnace is getting oxidizing , 

• 

basicity ·raises, thus Nb gets in combination with Ca ,Ti forming niobium-bearing 
uril igite; at the end Nb wi 11 be in combination with Fe3

t , AL3 t forming niobium 
• 

-bearing calcium f erroaluminate; 
4. In author's opinion ; apart from metallurgical conditions and basicity 

tt1e c}1ange of t~b valence aJsoplays an irnport:ant role in Nb concentration and di 
• -spers1on. 
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THE PROPERTIES AND UTILIZATION OF NEPHELINE 

Huang Qiang , He Shaoneng and Hang Jiating, Geological 
Administration of Building Materials Industry, Beijing 

Institute of State 
100010, P.R,China 

As one of fetdspathoid-group minerals , nephetine occures in alkaline rocks. 
Tlie chemical composition ranges of nepheline minerals in plutonic rocks of 
China are,SiO, 41-47 %,At20. 29-34%,CaO 0-191),FeO 0-0.9%,K.O 4.9-7.591), N~O 
13 . 9- 16. 7 91).Compared with the theoretical nepheline, the actual nephetine 
is always Si01-·oversaturated but At10,-undersaturated . The CaO in actual 
nepheline is due to secondary alteration - cancrinition. Nepheline can 

· intergrow with Si02-saturated feldspar minerals but not with 
Si01-oversaturated minerals. · 

The· chemical composition and physical chemistry properties of nephetine give 
it many advantageous qualities, (1). Intensive fluxing property. Feldspar 
minerals is used as a fluxing agency in glass and ceramic industries . 
Because nephetine minerals, compared with feldspar, has high atkatic content 
and react with quartz at high temperature , it can make quartz to be 
activated and melt at low temperature . Experiments have proved that the 
melting point of the glass material prepared with nephetine is 632.C, while 
that of the material of the same chemical composition prepared with 
f e tdspar is 780°C . 

(2) . High effective composi.tion. Both feldspar and nephetine materials are 
used to supply A liOs in glass industry. The A liO, in nephe tine i s a tmos t 
actually and theoretically twice as much as in feldspar. The tryout shows 
that 1 tone nepheline material can replace 1. 8 tone feldspar mat.eriat . (3). 
High atakti-reptacing power. As the main cost of glass industry is from soda, 
saving alkalis is significant . It can reduces the use of soda in industry to 
utilize nephetine, which has high alkali content and intensive fluxing 
property. ( 4). Reducing the influence of harmful elements. The harmful 
element content in feldspar material is higher than in sitico-material. 
Therefore, lowering the use of feldspar mat~riats in industry is towering 
the influence of harmful elements. 
The Glass Experiments . The composition of the experimented material is the 
sue as that of plate glass(Si01 72.30,AlzO, 2.40,CaO 6.40, MgO 4.00,N~O + I<:iO 
14. 60). In the material, 5.91.?6 of nephetine concentrate (sample No. 1) or 
8.0991) of nepheline syenite (sample No.2) is used. The regulations are, feed 
the material at lJOo·c, raise the temperature to 145o·c and melt it for 2 
hours, then raise the tempera tu re to 15 2o·c, and reduce the temperature 
after 2 hour' s purification and fixing up. As a result, the measured top 
limit temperature of crystal tization of No. l is 953·c, and that of No. 2 is 
947·c. In the table 1 is the viscosity of the two samples . The experiments 
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Table 1. The relation between viscosity(P) and teaperature(T) 
. 

T 
p 1 Jso·c 13oo·c 12so·c 12oo·c 

. 
. 

No.1 416.87 575.44 831. 76 1288.25 

No.2 407.38 562.34 812.83 1258.93 
. 

results have proved that nepheline not only can be utilized as the material 
of plate glass, but also has energy- and alkali-saving properties. 

The Daily Ceramic Experiment. The glaze-preparing experiment, after repeated 
exp er imen ts, we cone lude that if 65% of nephe line syeni te i. e. 20%' of 
nephetine is used, the best result is achieved, the fluidity of the melt 

~ glaze is fine; the melting temperature is Lower; the glaze surface is pure 
white and bright; and there are only a few gas hates in it. In daily ceramic 
body, after a Little amount of nepheline syenite (usually< 10%) is used, 
the porcelianization of the body is fine, and its deformation and contrac­
tion is tittle . The white degree is high and melting temperature is tower. 

' 

One nephetine deposit with high quality has been found in Sichuan Province", 
P. R. China and explored now. The content of nepheline is up to 9091) . The 
p1·od.uct has been used in glass and ceramic industries. Its chemical 
composition is a AL10, 30. 31%' , NRiO 15. 00% , KiO 5. 319'6 , CaO 5. 50.% , 
Fe,05 0. 24.%. -

CATHODOLUttINESCENCE OF DIAllONDS 
J. Just, Jiri Just & Associates, 30 Kay Street,Scarborough, 
Western Australia 6019 
Australia has been known for a long ttme as a prominent source of 
many minerals and ores, such as coal, iron, copper, lead, zinc, 
uranium· and, of course, gold. The latest addition _to this list 
are diamonds, when almost two decades of intensive exploration 
culminated in the discovery of the rich Argyle deposit which put 
this country very high on the list of diamond producers. 
There are many problems in diamond exploration and one of them 
is, however peculiar it might sound, the actual identification of 
diamonds. Years of experience suggest that the fastest, and most 
reliable non-destructive technique is scanning electron micro­
scopy using a SEft equipped with EDS analytical system and 
operated in the 'differential vacuum' mode · (environmental cell). 
The author has been using a JEOL JS?l-2 with ORTEC EDS and a 
Robinson backscattered-electron detector. As the uncoated 
scintillator of this detector is sensitive not only to electrons 
but also to visible light, the device is suitable, in the absence 

• of atomic number contrast, for the detection of cathodolumines-
cence (CL) and the image observed on the screen is a composite of 
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topography and cathodoluminescence. 
Examination of a large number of diamonds of different provenance 
indicated that about 85% of natural diamonds exhibit CL to some 
degree. CL is usually restricted to more-or-less sharply defined 
areas which apparently reflect the distribution of impurities or 
growth defects in the crystal. The observations also suggest that 
the octahedron is the major, if not the only, growth crystal form 
on natural diamonds and that the other commonly observed forn•s, 
to ial resorption of the octahedral crystal (Fig. 1).The cube 
was found as a growth f onn only on synthetic diamonds. 

Fi9.l. Elongated octahedron re- Fig.2. Brilliant cut diamond in 
duced to elongated tetrahexahe- a ring. Octahedral Cl pattern · 
dron by partial dissolution. clearly visible, table cut 
Octahedral CL pattern clearly almost parallel to (100). 
visible. Length approx. 1.5 mm. Diameter approx. 2 mm. 
SEii, BE+cL image. SEii, BE+cL image. 
Under suitable conditions single crystals, twins or polycrystal-
line aggregates can be readily distinguished even on small frag­
ments. As there is no additional instr11mentation required, the 
technique may be used to advantage for the determination of 
crystallinity, crystallographic orientation or growth defects 
which might be of importance in diamond exploration e.g. for the 
interpretation of conditions of f or11aation and subsequent history 
of the individual diamond grains from a icular locality and 
in industry for assessing physical properties, e.g. hardness, 
toughness, etc. of a particular stone and i~s suitability for a 

icular industri-al application. The CL patterns may also be 
easily observed on cut stones and, because they appear to be 
unique, may serve for 'fingerprinting' of the stones or jewelry 
pieces (Fig. 2). 

• 

-183-



')~.tz. 1 ') JfINEW.OGY AND TEXTURF-S OF ROASTED PYRITE 
J. Just, Jiri Just & Associates, 30 Kay Street, Scarborough, 

• • w. Australia 6019; J. Graham, CSIRO, Private Bag P.O. Wembley, W. 
Australia 6014; J. Dunn., Curtin University of Technology, G.P .o. 
Box U 1987, Perth, w. Australia 6001, J. Avraamides, G. Nguyen, 
Chemistry Centre, 125 Hay Street, Perth, W. Australia 6000. . 
Investigation of the behaviour of pyrite during roasting of 
pyritic gold concentrates was undertaken as part of study of gold 
recovery from refractory sulphidic gold ores. 
Pyrite concentrates representing feed for the North Kalgurli 
?lines Croesus roaster were roasted at temperatures from 400 to 
1sooc, various durations and in different controlled atmospheres 
in a laboratory-scale roaster simulating an industrial fluid bed 
roaster. The resulting calcines were examined by means of an 
optical microscope and by a scanning electron microscope JEOL 

~ Jsn-2 equipped with an ORTEC EDS analytical system and specially 
modified for work with geological materials. The samples were 
prepared for examination as conventional polished sections and 
also as mounts for observation of whole particles. 
Essentially two processes are involved in thermal treatment of 
pyrite: 1. direct oxidation of FeS2 to Fe203 and S02 and 
2. thermal dissociation of FeS2 to elemental sulphur and a 
pyrrhotite-like phase with composition close to FeS. 
Direct oxidation of pyrite takes place in an oxidizing atmosphere 
at any temperatures below approx. 55ooc (weathering of pyrite in 
nature may be viewed as ''roasting at· room temperature''). The 
reaction is exothermic and therefore selfpropagating. The 
reaction rate increases with temperature but .. is limited by the 
rate of mass transfer of 02 in and S02 out of the grain by 
diffusion through the relatively _impermeable Fe203 and proceeds 
in pulses. The resulting Fe203 has a characteristic concentric 
texture (Fig. 1). 
Thermal decomposition takes place at temperatures above approx. 
ssooc. The reaction is endothermic, requires an external source 
of heat and in anoxic atmosphere proceeds only to for mat ion of 
the FeS phase and sulphur. As the mass transfer is only 
unidirectional the reaction is continuous and the resulting FeS 
has a typical spongy texture (Fig. 2) • At higher temperatures 
violent evolution of gaseous sulphur often ruptures the grain 
(Fig. 3). In oxidizing atmosphere the sulphur gas is continuously 
bur11t off on the surface of the grain (the atmosphere inside the 
grain remains anoxic while the decomposition is in progress) and 
after completion or cessation of .the thermal , decomposition 
process the FeS is oxidized to Fe203 and S02. The resulting Fe203 
preserves the spongy texture of FeS (Fig. 4) vhich is much more 
open and therefore more penetrable than the concentric texture 
produced by the low temperature direct oxidation of pyrite • 

• 
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Fig.l. Section through Fe203 
• 

formed by direct oxidation of 
pyrite at soooc. Typical con­
centric texture, pyrite relict 
in the centre. 
SEn, magn. 525x, BE image. 

Fig.3. Fe203 'skin' on spongy 
FeS formed by roasting of 
pyrite at ssooc. Grain ruptur­
ed by pressure of the evolving 
gaseous sulphur. 
SEn, magn. 730x, BE image. 

Fig.2. Section through a grain 
of FeS formed by thermal decom­
position of pyrite at 7oooc. 
Typical spongy texture. 
SEn, magn. 560x, BE image. 

Fig.4. Fe203 pseudomorph after 
pyrite formed by thermal de­
composition followed by oxi­
dation at 7oooc. 
SEn, magn. 500x, BE image. 

Examination of textures of iron oxide grains in products of 
laboratory or industrial roasting makes it possible to deduce the 
thermal history of each grain and assess the efficiency of the 
roasting process. 
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SELEC11VE ORE 11REA'IMENT A PREREQUISI'IE FOR APPLICATION OF 

PRODUCTION RALOGY 
• 

• 

.Heikki Kauppinen, Kemira Co., Siilinjarvi mine, SF-71800 Siilinjiirvi, Finland 

Heikki Papunen, Institute of Geology and Mineralogy, University ofTurku, 

SF-20500 Turku, Finland 

• . 

• 

• 

Most of the mines intermix different ore types to keep the n1ill feed as 

homogeneous as possible. However, the homogenization seldom succeeds 

completely. If the ore types differ in concentrat.ability, the random variation in the 

proportions of the different ore types results in a continuous need for process 

adjustment. The delay in adjustment then reduces the recovery of the concentrate. 

The best result is achieved by analysing the ore types for their concentration 

properties and by treating each ore type individually. That way we know how each 

ore type must be treated in the concentration process. Controlled classification of 

the ore types and their treatment as individual units requires not only infor1nation 

about the properties of the ore types but also real-time data flow from the stopes to 

the concentrator. The gain due to optimal milling times and the concentration 
... 

processes best suited to each ore type is seen in reduced consumption of energy and 
• 

chemicals and in increased recovery. Classification methods of ore types will be 

described in detail. 

CAPABILITY OF USING BASALT ROCK IN VIETNAM 
• 

La The Chich, Hoang Trong Mai, Polytechnical Institute, Hochirninh City, Vietna1n 

Basalt is largely distributed in Vietnam, particularly on the Southern territory. Due to 

the authors's studying about Basalt in Vietnam were formed in three stages: Late Miocene, 

Pliocene Pleistocene and Pleistocene Holocene. 

The Basalt petrographic compound consists of Basalto-andezit, Basalt toleit, dolerit, 
. 

alkaline Basalt olivine with their volcanic bombs and tuf. 
... 

Basalt is used in Vietnam in construction8.1 materials field. A lot of roads, bridges, 

hydroelectrical da1n, houses sites all use Basalt with different forn1s . 
• 

Dense Basalt is black, after sawing and cutting, grinding smoothly with high aesthetic 

degree, it can produce paving rock used in the special Architects sites. 

At some places have used grinding powder fabricated from melted Basalt at 1400t 

and then it brings about crystallisation slowly and slowly. 

With the melted Basalt can produces cotton-glass, stones tubes and stones shelves in 
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special technologic. 

In condition of the humid and tropical climate, on Vietna111 Basalt has a weathering 

crust contained a lot of minerals as bauxite, precious stone, color-powder for 

constructional branch. 
• 

• 

ON MINERAL INCLUSIONS BY MEANS OF CATHODE LUMINESCENE 

WITH SEM ' 

• • • 

• 

Li Peilan, 

Department 

Technology, 

of China 

Yu Xinzhen, Mai Zhenghong, Dai Daoyang, 
• 

o.f Geology, Central-So·uth Uni\1 ersity· of 

Changsha, Hunan 410083, People's Republic 

By means ·of cathode lurninescene with SEM, we 

have studied more tham 10 kinds of miner~ls, such 
• 

as: diamond, quartz, feldspar· ~ calcite, molybdenite, 
• ... 

pyrite, wolframite, blende, galena and fluorite. It 
. . 

was found that not only observed there were any 

cathode luminescen~ phenomena of inclusions in these 
. 

• 

minerals, but also did there extensively exist 
• 

• 

luminescene phenomena of inclusions within transparent 
• 

and opaque minerals, s .ut with cathode lurninescene 

microscope we could not find this kind of lurninescene 
• 

phenomena. Authors divided luminescene observed 
, . 

into two kinds-direct and indirect. 
I 

• 

. 

In the former we can distinguish luminescene of 

solid phases corpuscles and fluid inclusions, 

meanwhile directly observe the characters of syngenetic 

and epigenetic fluid inclusions. For the sirigle 
• . . 

inclusion, we can not only directly observe its size, 
• • . 

but also observe whether there are inclusions of 
• 

• 

one-phase or multi-phase and their char~cters. The 
-

• 

·ngredients of inclusions are also boverved. In addition . 
• 
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• 

search test and stu~y o~' sepctr6scopy is carried out 

during direct observation ta~ing advantage of SEM we 
. . . . 

. have contrasted original-position cavity of i~clusion 
• . 

characters of fluid inclusions with their lurninescene· 
• 

form. Therefore ~rom the .above mentioned we can draw · 

conclus1on lurninescene, caused by cathode r~y by means 
• . 

• 

of SEM, has opened up a new potential for the research 
• 

of mineral fluid inclusions. 

In the indirect observing . research of luminescene, 
• 

besides comparison with the fo~mer, we directly . connected 

~ lurninescene form with ~SEM atlas and contra~ted them. · 
• 

• • 

·rn combination with energy chart analysis, we have done 

observation and research on the corpuscles and super- · 
. 

corpuscle mineral phase in the minerals. Hence morphology 
. . 

of ~~th6~e lu~inesc~n~ by SEM opens µp a new path for 

the observation and research of ~orpuscles and super-
• 

. 

corpuscles mineral phase. 

THE OCCURRING CHARACTERISTICS OF PHOSPH.ORUS AND ITS 
EFFECT ON MINERAL DRESSING IN CARBONATE MANGANESE ORE 
OF HUAYUAN MANGANESE MINE (SOUTHERN SECTION) OF HUNAN 
PROVINCE . 

Li Q~anmao, Liu Chengxian, Jiang Lixia, .pepartment of 
Getology Beijing University of ·Science and .. Technology. 
Beijing 100083, China .:· .. · · 

. . 

Ore of Huayuan manganese mine of Hunan province 
belongs to a kind of high-phosphorus low-iron .and poor­
manganese carbonate manganese ore. The main chemical 
composition of this kind of ore is Mn 18.6%, Fe 2.68%,P· 
0.2%, Cao 6.5%, Mgo 3.36%, Si02 24.06% and P/Mn 0.011. 
The main minerals are carbonate minerals,clay minerals, 
quartz, pyrite and carbonaceous materials. Texture of 
the ore, mainly is of pelitic microcrystal · type. struc­
ture of the ore is massive, is banded. 

Low 1content of phosphorus and the . fine gains of 
phosphorus-bearing minerals make resea~ch work more 

. ~ifficult. The authors have basically · round out that 
fluorine in the ore occurs in the form of fluor-apat i te 
by using a lot of assay methods c· microscope, electron 

• 
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probing analysis and the process of chemical method) .. 
Fluor-apatite in the ore also exists in three forms:(l) 
of terrigenous fragments(grain size 1-6pm); {2)of well~ 
developed crystals into quartz veins which pass through 
ore bodies (grain size 6-25µm);(3)trapped in the grains 
of carbonate manganese minerals as micrograined inclu­
sions( grain size <1µm),this kind of fluor-apatite only 
takes its up 12% of the total amounts of fluor-apatite. 
Distribution is nonhomogeneous: 62% distributer in the 
positions rich in gangue minerals and 17% of fluor-apa­
tite rich in carbonate manganese minerals. Contents of 
phosphorus and manganese ~ave a negative correlation. 

The occurring characteristics of fluor-apatite in 
the ore have an effect on mineral dressing.First of all 
there is a great difference of physical and chemical 
properties between fluor-apatite and carbonate manga­
nese minerals, so intensive mag~etic dressing method or 
''hausmantite'' method can be used. As the grain size of 
fluor-apatite is fine, mechanical selecting method only 
takes off grains greater than 10µm,but even hausmantite 
method can not remove the grains of fluor-apatite less 
than lpm,resulting in diffculty in concentrating manga­
nese and reducing phosphorus. On the other hand, the 
nonhomogeneous distribution of fluor-apatite in the ore 
and the content ~ negative correlation as mentioned can 
benefit the mineral dressing work of concentrating 
manganese and reducing phosphorus. By using mechamic 
dressing method to this kind of ore. Part product of 
qualified second class or third class can be obtained. 
This achievement breaks down the past conclusion it is 
impossible to use mechanical dressing method to reduce 
phosphorus for this kind of ore. 

PROPERTIES AND APPLICATION OF KYANITE GROUP MINERALS 

Lin Binyin,and Huang He,department of Material Engineering, Wuhan Iron 
and steel University,Wti.han 430081,China. 

Abstract 
China has rich resources of kyanite group minerals.They spread over 
more than 24 povinces,municipalities and autonaous regions.They have 
significant properties, such as when heating up to a certain 
temperature, kyanite group minerals can change into mullite 
irreversibly with voluae expansion.The temperature at which kyanite 
group ainerals transfor• into aullite is influenced by grain size and 
impurities. So is the total amoumt of mullite phase formed<Table)• 
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Table The defora~ng temperatures of kyanite group ainerals 
. 

Teapereture sil1 ir1enite concentrate Andelueite concentrate Kyenite Concentrate 
• 

~ - - 180 lleth + 180 M8h -100,_ -150_, -200 -100-
+150 I +200 lle9h +200 
Meth •eh 

• 
llte$h 

• . 

Starting to 1400 1500 1350 1300 1300 1100 
deform t 

Completely 1650- >1700 1600 1500 1450 1450 
• defor11 ingt 1700 

• 

kyanite group minerals have Less content of iapurities. The total 
content of TiOv Fe10., RO and R,o< 2. S""-"3. 0") in concentrates are about 
one half of that in bauxite.Corrosion resistance and creep, thermal 
shock resistance,etc.The exploitation and application of kyanite group 
minerals mainly depends on their properties.It is shown practically 
that kyanite group minerals play an important part in improving the 
qua~ities of a~uaino-silicate refractory. Besides, they are energy 
saving raw aater1ats. 

The author and his researching group have successfully used them in 
nozz~e of Large blast furnace<3200M'),hot-btast stove, synthesizing 
autl1te grog, Nullite refractory aortar as well as saggers, etc. The 
exploitation and application of resources of kyanite group minerals is 
stilt in developing in China. The kyanite group minerals are extensive 
application in the near future. 

.... 

TECHNOLOGICAL CHARACTERISTICS OF FINE MANGANESE CARBONATE MINERAL AND 
HIGH INTENSITY MAGNETIC SEPARATION 

Liu Chengxian, Li Qianmao, Chen Shaolin, Mining Engineering Department, 
Beijing University of Science and Technology, Beijing 100083, People's 
Republic of China 

• 

It is shown that magnetic· property of manganese carbonate ore 
increases with the manganese grade, the relation foUnd to be a linear 
equation. From a large amount of measured data of specific susceptibili­
ty of Huayuan manganese ore, a regression equation is got as follows, x= 
0.927+2.665 aMn, where X is specific susceptibility of ore, aMn is grade 
of ore, correlation coefficient is 0.999. 

After big pieces of ore were crushed to 15 ... ··0 mm, _ lO""Omm, or 6""0mm, 
in the medium size ore, it -was found that there were three kinds of 

• 

aggregates-rich, low and poor, the grade of manganese · ·is about >25"1 10-
25%, <IOYt., respectively. The difference of magnetic property between 
these three aggregates and gangue-quartz is obviously, so the medium size 
ore can be separated a rough manganese concentrate or· final concentrate 
obtained directly. As the grinding cost decreased, middle size high 
intensity magnetic separator is widely used in the manganese mineral 
processing plant in China. 

For upgrading the rough concentrate or reducing the detrimental impu-
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rities, the concentrate should be regrind.eel and treated by fine size high 
intensity magnetic separator, ·· such as Model SHP Type high intensi ty 
magnetic separator. 

• 

CARBON FIBERS IN CAMERA PEG!vlATITES OF VOLYN' (USSR) 
• 

~ . 

R.V.Lobzova, V.T.Luk'yanova, N.V.Trubkin, Institute of 
Ore Deposits, Mineral0gy, Petrograpby and Geochemistry 
USSR Acad. of Sciences, Moscow 10901?, Staromonetny 35. 

Carbon fibers are very rarely found in nature. 
They are kno\vn in brown coal of Geizen·tahl, bitumen 
of Derbishire, graphite bodies of· Botogol alkali11e plu~ 
ton. Recently they are found in camera topaz- and mori­
on-bearj ng egmatites of Korosten pluton (Ginzburg A.I. 
et al. 1987 • Here carbon fibers are located to brecci­
ated :Dock cavities of the centr·al part of peg·111ati te. 
Cavity sizes are f .. r bin 5 to 23 cm. Aggregates of fibers 
are up to 3 kg in bulk. . 

Fibrous aggregates are composed opaque separation~ 
of black colour with rot1nd section about 0,002.10--'mm~ 
and 0,005-0,5 mm in long. The fiber ends~are subconi­
cal and spherical, and there are a lot o ja:mples that 
sometimes surrounded with ring growths, and microledges. 
There are thj.n intergrowths of f~ibers with mica and 
feldspar crystals, globules of sulphides. The chemical 
composition of fuel matter: C-76,51, H- 5 02, S-0,42, 
(O+N)- 18,05 mass %; K/C - 0,87, C/(O·+N+S - 4,14. 

Study" of morphology, chemical composition, trace­
elements, the character of thermal destruction, mole­
coular structure, carbon isotope composition and analy­
sis of fluid inclusions in topaz and morion from the 
pegmatites, indicates formation of fibers from fluid 
phase. As it was before established (Ye.K.Lasarenko, 
1979) mineralization in Vo 'camera pegmatites procgded 
at gratual fall of fluid temperature from 600 to 100 C 
and pressure from 1100 to 200 atm. Possibly, temperatu­
res of carbon fibers origin are 300-250°0 and pressure 
500-300 atm. rom carbonaceous matters (probably, acety­
line). Possib1y catalists of prooeeses, as it was taken 
place in experj,mentes on pyrolitic carbon fibers syn­
thesis from metan and other hydrocarbons,were iron-, 
cobalt-, nickel-, potassium-bearing substances and oxy­
gen-bear . gases, and also carbon fibers as themself • 

• 

A s·ruov OF PROf~ESS MINE~RALOGY 
(·~ () l." J) M I NE F~ At... f:" f{ c::) M t ... J: G l .. J (:) I r·~ c::J "' 
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DE\JELC1Pl1Ef\~TS I·\\J COLD cA-f'HOr>E I) I sc:~HARGE BEi~t,,1 COl'!l .. Rt1L ~~f\!D 

I J\J 1. NSTRUMEl\J·r AT I Ot .. l F'OR CA "THClDOL.tJt.,1 I t\IESCEt,JC.:E ly11: C~F!C)S(::OF1Y
1 

by Dr • Don a. l. d J . .. t"1ar sf-' a. 1. 1 , t"1AA~3 !I Inc • ., I_ owe]. l. " t:1A If \_JSt~ 
• • • 

• 

Impc)rtant devel. opments ha··.1e fjeert nlade i t-1 fTtt?th(ld~; f otu· 

controlling the electron bearn i.n t~•e cold cathode 
discharge electron gt.•.11, typi.ce.11. y LlSed j,n 
cat.hodol Ltlni. r1escer1ce -fnj. croscope ( (~~L. ) at t acrlrl1er1 ·!: s st .. tcl-s ,:t.=.. 
tl1e l.t .. tm:i noscope. l~here are ,-?.\].so i. mp<:Jr .. t. ari t ne.\!J 

de·'L./el opmer1 t s j. r1 se'"er·· al ar-·eas of .acr~: essc,r .. y 
in stt·· t .. tment at: i ort for- c: athodol t_tm j, 1-.escer1ce mi cr .. osc:<Jp ~./. 
Tl-s:i. s paper ~,j, l 1 st~tr·"'1e·y a r\umber- csf tf-1ese f :i e] ,js as t.·Je :l l 
as indicate some possible di.rections fctr futt1r·e 
devel opme1 .. 1t. 

ggitj £~tbg~~ ~§~ffi ~@9Yi~~l9~1: 
cathode discharge electron guns 

• 

LJ1-s t :i :t r- f?C e1"1 ·t1 '.;',. 
~ . 

and c: or} t r· c; J Lt rt i ·t~ s <:ii d 
rtr..1t pt-o· .. 1i de ·fc)r.. regt..t~l ati ors oi: ei tl· .. se·t- ·ttsf2 <=~l ec ·{:.J .... cJ.11 
erlergy or the beam current a11d this tJlaced demands on 
t.~1e operatot'.. to mair·~·tain t-.he cc)r .. rec:t apera.tj. r1g 
conditions" No\.~J tect-1r101 c1c..l i cal arj·,.1arsces ma~~e :i. t: fJ <~s s3. I:~ 1 e: 
to r··egLtl ate bott1 C•f tt1ese c~t.ta11t ii: i f~~s t·.hrc•L\<;_1h f eedbi~c: •:: 
corstt .. ·ol. s·yst.e1ns, t.l .. tet-t~by r-ecJL.tci1 ·1g l:l1t? c:-iir1<:3t .. t1#1t·. (::St 
op er at.or i rtt.eract ion required ar1d s]. mp 1 3. ·f ·yi. r1g t.t-1e 
acquisi.tion of data t~sing spectrophotometers and EI>S 
accessor i. es. El ect1""01, er1erg)1 can be t·-e~~L•. :t ate.d t .<:J ·+- .1' ·-· 1 ~·: 
or- bet t.: er • Be a tr~ c Lt r r·- t~ 111:: '-.Jar J a ·t j o r1 s c a r1 l:~ e r .. e:· s ·t r~ j c: t~ <-?d 'l: o 
short term fluctuatioris of only a few per-cent and lor\g 
ter-·m drifts c3f l.ess tr1an otse perMcent • 

• 
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• 

§ fJ. r~ ~-;. :t ~: ~~ [.l t.l Qt. Q~!!@. t §"~ !:. 2 t. t; ~~.;~brr~§ ~1. !~:. : s rJ £~ c t r <:Jp , .. , at. 0 In et: t? ,.. s f ctr Cl ... 
apfllication need a wide dynacnic range, easily variable 
resol.ving power, ~1igh transn,issian, and the ability to 

' 

·scar1 rapi dl·y enot_tgf-t ·to record transient i:>f·tenomena. SLtcli 
a -spectrophoto1neter .. arlci its i.nter-fac:ir1g ""'itt-t the 
L .. Lt1ni noscope is ·described. ·r11e system is to·l:al 1 y 
computer-ccJntrolled. 

• 

~ggl_g~ §t.~g§!: Evf~n ·t:. t1ot .t~;Jl·l j. ·l·: has be<7?r1 .,_,e :L l l-=:r1ctt"1n tt-1c:\t 
some CL e~ission is enl-,anced at low i:enlperat:. , . .tres, i. t: i. s 
only recently tliat serious war·J, has b~en cior\e. This is 
performed at te1r,peratLtres neat'"' t.hat of 1 i qt.ti d ni troge11. 
A~: tt1 is ·temper· c-:\t L\t,..e ~ f ot- some mi r1er- a 1 s !' tl"lere is a 
dramatic inc1rease ir\ intensity and t~te spectral peak 
widths ar<~ fn\_\cl1 nat-rowe.r'·. E>: afnfJ J. es of some of t .t1e 
im1:Jot,..tant inforfllc~i:ior\ ob·t:.ai11ed a ·t · ~liquid r1itrogen 
·te'n~>t:~r a tLtres ·for· di a1r1or·\c:Js are t:ireser' t:ed. 

f;!.1§r..:9)! Qi§t!!~t:§! .. ~g .~.~~~f~f~~ :!;r:~] .?£QP.Y-! -l .. he r.Jb~~er~vat ions of C~l-
c a 11 r1 <:J ~' b e s t~' 1=> p ]. e trl er·• t e d \."' i. t: h i rrs n} e d i. a ·t·. e. e 1 e tn e ,~, ·t: a l 
ar1al ysi s, L\si ng ·t:.he tecttrl i q•.h'e~s of L::.DS. ~~:i. gher enes'·gy 
el ect.1,·on beams ( 25 l::"J ctr 1-li gl .. ,c-?r·) a.r·lci rf:~~JLll. at(~d l°:Jeet.n1 
er1e•""gy are i mport:ant a<:l'.1anr.~es "'"'hi cl1 cr1ai::t:? thi. s t.echrti qt..te 
even 'no, ... e '-' ~.;E~ f Lt 1. t .11 a r1 i i: ha s bee r1 i n t 11 e p as t . 

• 
• 

T;:i~=:en t·.oge·ther these advat1ces ma~~e a '~~'- mi. croscopy 
1 abor-atory a co1nprel1er1si ,,,,e i nst:rLtn1erlt;_ at i or1 c:er1ter· i r·~ 

~sh i et·, t·l ot on 1 y car' a ··.1 ar i et y of i mpo1,.. t: art i:, i rl t. er· est. i r'<:l 
resea1,..ct1 be carrie.d out. bL.,t also c:)r\t~ .-1l,ich can 
i n t er ·f a<: e ~·.t :i. t: h t t:~ a c h i. rt g and i n trod Lt c e t 1-l e s ·t l.t d £~ r\ t t: o a 

• 

""'ide r-anqe of ].11st.rl.tnie11tal -t·:ect·tniqLtes on a relatively 
- I 

sialple!' ine>:pensive instrt.ttrsent • 
• 

• 

LIQUATION METHOD OF ALUMINIUM EXTRACTION FROM 
DISTHEN SCHISTS AND KAOLINS 

Aleksey A.Marakushev, Valentin G.Moiseyenko, 
Vyacheslav S.Rimkevich, Yury N.Malovitsky 

Amur Integrated Research Institute Far East Branch, 
the USSR Academy .of Sciences, Blagoveshchensk, 
Relochniy 1, 675000, Amur Region, USSR, 
Institute of Experimental Mineralogy, 'the USSR 
Academy of Sciences, Chernogolovka, 142432, Moscow 
Region, USSR 

. 

The limited bauxite reserves make it urgent to 
extract aluminium from silicates and alumosilicates 
in some countries, possessing powerful ·aluminium 
industry, such as . the USSR, the USA, Canada and others. 

· In the Far East of the USSR .anorthosites, andalusite­
-disthen-sillimani te schists and kaolin clays are 
suggested to be promising raw material for aluminium 
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extraction. The melting of these rocks with special 
components added results in immiscible melt and 
effective separation of silica and alumina. 

Stable layered melts are formed in the system 
Al.103-Si02-K2SiF6 as a result of the Chimchan deposit 
disthen schists lamination in the temperature interval. 
750-1100°C and under the pressure up to 50 bar. The 
immiscible aluminate melts of this system contain 
67,48-78,83 wt% of alumina. Two layers structure of 
the immiscible liquids allows to remove easily the 

... 

melts, required for further research during or after 
the experiments. After the removal of hieratite 
(K2 SiF•) with high crystallizing ability and good 
solubility in water aluminate melts have high quality 
ironless bauxite composition. It is possible to extract 
alumina from this bauxite with the help of Bayerts 
method (Pevzner and Raizman, 1983). Only ·ball liquation 
isolations take place in the kaolin compositions 
of this system. 

Stable stratum lamination is observed in the system 
Al2 03-Si02-K2 SiFs-NaCl. It comprises silica- and 
fluoride-rich _(I) melts and chloride (II) melts with 
2,62-7,84 wt% of aluminium, containing less than 0,5 
wt% of silicon with NaCl:KCl ratio, ranging from l+l 
to 3+1. Melts Il are suitable for electrolytical 

~ 

aluminium extraction by chloride technology (Vetyukov 
and Borisoglebsky, 1984). · 

A continuous scheme of the aluminium extraction 
has been reproduced in our laboratory. This scheme 
begins with aluminium extraction from starting Chalgany 

. 

deposit kaolin concentrates, enriched in additional 
components, and aluminium separation in graphite 
electrolytic cell from experimental chloride melts 
ends it. Melts I are exposed to the second lamination 
by the addition of NaCl. As a result new immiscible 
fluoride-silicate and chloride melts are formed. 
Hieratite and mallardite (Na~SiFs) extraction from 
the former melts is possible. Hieratite can be used 
repeatedly in closed technological process. 

The mixture of hieratite and sodium chloride 
possesses universal ability to extract aluminium 
from silicate and alumosilicate rocks and minerals: 
anorthosites, nepheline-syenities, disthen schists, 
kaolin clays, albite, orthoclase and leucite. It was 
proved experimentally. 
References: 
l.Pevzner I.Z., Raizman V.L.(1983): Aut.oclave 

processes in alumina production. Moscow: Metallurgy. 
P.1-128 (in Russian). 

2 . Vetyukov M.M., Borisoglebsky Yu.V.(1984): Some 
questions of electrolytic theory of aluminium 
extraction with the help of chloride technology. 
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Ion melts and their usage in science and engineering. 
Kiev: Naukova Dumka. P.13-27 (in Russian) . 

• • 

• 

• 

~o . q,1A FORMATION PROCESSES OF SHOCKED QUARTZ GRAINS FROM MINERALO-
. GICAL DATA · · 

Yasunori MIURA; Department of Mineralogical Sciences and 
Geology, Yamaguchi University, Yamaguchi, 753 Japan . 

• 

• • 

Quartz minerals show wide pressure-dependent region 
(rJ30kbar) in the low-temperature field, though they have 

• 

many high-temperature phases with each low-temperature phase . 
[1]. The detailed mineralogical data of quartz silica in-

" d'icate formation processes of the host rocks. 
The Cretaceous-Tertiary (K-T) boundary samples have 

been discussed from mineralogical, archaelogical and geo­
chemical data by many scientists [cf.2-6]. Anomalous 
density-variation data and probable formation processes of 
shocked quartz from four K-T boundary sites (Japan, Italy, 
Denmark and Tunisia) have been found in the progressive 
sampling data obtained by powdered X-ray diffractometer [7]. 

Main purpose of the present study is investigation of 
large quartz grains with shocked lamellae from K-T boundary 
sample of Cle~r Creek North (CCN), Colorado; U.S.A. [8,9] by 
using the Rigaku four-circle single-crystal X-ray diffracto-

• 

meter, compared with those of the Barringer meteorite crater 
• 

and terrestrial metamorphic, volcanic and plutonic rocks and 
tectonic complex to estimate the pro.bable formation process. 
Physical properties of shocked guartz: Cell-parameters (as 
hexagonal cell) of quartz grains with and without shocked 
lamellae have been obtained from least square method of 25 
peaks with higher degree of ·accuracy, which are summarized 
as follows. (1) The calculated density ( p c a 1 ) of standard 
quartz crystals used from Gifu rock-crystal and Yamaguchi 
granite is 2.645. (2) Three quartz grains (BlK, B3W, BlOW) 
from center of the Barringer meteorite crater show higher 
value of pea'; that is, 2.669. (3) Nine quartz grains from 
the CCN K-T boundary sample reveal three types of (a) normal 
rock-crystal (samples Ql, Q2 and SQ4), (b) distorted lower 
density quartz (SQl, SQ2 and SQ3) [10], and (c) s·hocked 
quartz with higher density (SQ12, SQ20 and 5021). 
Anomalous cell-parameters of CCN shQ~ked guartz: The CCN 

• 

shoc~ed quartz grains with lamellae indicate the following 
various cell -parameters and calculated densities: (1) lower 
a-axis (-1.2% in sample SQ20) and lower c-axis (-0.2% in . 
the SQ20) wi th the higher density (+2.1%) which is several 

• 
• 
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• 

• 

• • 

times the density than the Barringer-type quartz grains. 
(2) higher a-axis (+1.5% in SQ3) and lower c-axis (-0.7% 
in SQ3) with the lower density (-0.6% in SQ3). 

The anomalous cell-parameters and densities are due to 
(a) higher impact process resulted in atomic distortion of 
the Si04 tetrahedra and the compression of stacking direc­
tion (i.e. lower c-axis) which is the similar features of 
the quartz grains in the Barringer impact crater, (b) 
shocked process with part,ly glassy multiple lamellae [11]. 
Probable formation processes: The CCN K-T boundary samples 
are mixed with those formed by (1) pressure-dependent 
impact process to show the multiple shocked lamellae with 
higher density which are probably formed at center of the 
impact site, (2) temperature-dependent process to make the 
various distorted quartz grains with lower density and 
shocked lamellae which are probably formed at deeper place 
or rim of the impact site. . 

The present research is partly supported by the Grant-
in-Aid for Scientific Research on Priority Areas {Origin of 
the Solar System) of the Japanese Ministry of Ed., Sci. and 
Culture (01611005) of the author. The author thanks Prof. W. 
Alvarez and Dr. G. Izett for sample preparation of the CCN 
K-T boundary samples. 

• 

Ref~rences: [l]Mason B. and Moore C.(1982): Principles of 
Geochemistry, 4th Ed., 97. [2]Alvarez L. W. et al. (1980): 
Science, 208, 1095-1107. [3]8ohor B. F. et al. (1986): 
~cience, 224, 867-869~ [4]Miura Y.(1986): LPSC XVI!, 555-
556. [5]Miura Y. et al.(1988): Global Catastrophes in Earth 
History, 124-125. [6]Johnson K.R. and Hickey L.J. (1988): 
Ibid, LPI Contrib. No.673, 87. [?]Miura Y.(1989): 
Meteoritics, 24(4), 305. [8]Izett G. (1985): EOS, 66, 1149-
1150. [9]Izett G. (1989): GSA Special Paper, 249 pp. [10] 
Miura Y. · (1990): LPSC XXI (in press). [ll]Xie X. and Chao, 
E.C.T.(1985): Geochemistry, 4,97-113. 

BACTERIAL GOLD MINERALIZATION 
Valentin G.Moiseyenko, Sergey A.Marakushev, Amur Integrated Research 
Institute Academy of Sciences, Blagoveschensk USSR 
The genetic properties of ores and placers gold mineralization depend on 
proces~es in oxidation and weathering zones.Recent creation and description 
of accumulation gold microorganizms from Far East ores and placers [ 1, 2] 
call for necessity of further investigation of their interaction with precious 
metals. 
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• 

Microorganizms were obtained from ore deposits and the system of bacteria 
• 

- solution of ionic and colloidal gold was the experimental model of 
biogeochemi~al areals in nature. An aerobic gramm- positive bacterium 

• 

Micrococcus luteus proved to be common to all the samples with high gold 
. content and under condition of saturation 1 g of dry biomass sorbs 100 mg 

of gold, i. e. one cell fixes in average 5 thousands colloidal particles.Was 
shown that decreasing of gold absorption takes place in anaerobical conditions. 
T4e study of this phenomenon showed that cell respiration noticeably increased 
in the presence of colloidal gold. It suggests the energeticval dependens of 
absorption process. Inhibitors of the oxdative phosphorilation and the 
respiration chain diminish dioxygen consumption and gold absorption 

• 

simultaneously . 
.. Experiments studying the reduction of hydrophobic nitroxile spin probes in 
the ce·IIs by EPR method were carried out in order to evalute the gold influence 
on the redox situation in membrane chains of electron transfer. The reduction 
rate in the presence of gold noticeably decreases independently of signal 
group location inside the lipid membrane bilayer. Therefore, the colloidal 
gold particles influense on the r7dox potential practically along the whole 
membrane profile. This process results in gold recrystallization. At first, gold 
oxidative complexation by amino acids residues on the surf ace layer of bacteria 
take place. Gold ions, related with protein ligands are formed. Later the 
reduction of gold complexes by exogenous reduction equivalents of redox 

.... . 

chain occurs .It was prove by electron microscopic finding out of gold crystalls 
in this system.After gold colloidal contact with bacteria needle- shaped gold 
crystalls are found in culture medium by scanning electron microscopy 
method. In some cases we observed cubic and polyhedral crystals. 

· Endogenic gold is unstable under exoge11ous conditions. The average particle 
size and fineness increases in the row f1·om the initial ores of native deposits 
through their oxidation zone. The observed crystallization process of ' new' 
gold on the endogenic gold particle surf ace can explane the detection of 
natural gold with high probe cover and edge on the particle surface in 
placers. This study can affirm that bacteria take part in gold concentration 
and mineralization. 
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Biological Implications for Quartz Crystallinity 

f 1,2 311 
Y. Nathan, Y. Ginott and S. Shova 

1. Geological Survey of Israel. 
2. Hebrew University of Jerusalem. 
3. The Open University of Israel. 

Crystallinity of quartz in cherts and porcelanites is 
' generally poor. The crystallinity of quartz may be measured by 

X-ray methods, using the degree of resolution of the d{212) X-ray 
reflection at 1.382~ {Murata and Norman, 1976), by thermal 
methods, using the height of the exothermic peak due to the 
high-low quartz inversion at about 573°C {Deutsch et al., 1989) 
or by infra-red methods, measuring the degree of re·solution of 
the shoulder at about 1144 cm1 , using the first derivative IR 
spectra (Shoval· et al., 1990). There is good agreement between 
the crystallinity indices obtained by the three methods. Thermal 
methods are more accurate for well crystallised samples, whereas 
IR spectra are more accurate for poorly crystallised ones. 
X-rays give the best results for intermediate samples. The 

. 
crystallinity may also be directly observed with a Scanning 
Electron Microscope (SEM). The poor crystallinity of quartz in 
cherr.s and porcelanites appears to be due to the biological -origin of the silica via opal (opal A and/or opal C-T) . 

• 

• 

During a study of diagenesis of silica in the Late Cretaceous 
of Israel {Ginott, 1990) it appeared that the microfauna, even 
when originally calcitic, .are the first part of the rock to 
transform into quart·z. This is clearly seen in porcelani tic, 
opal C-T rocks where the fauna is generally quartz, while the 
res t of the rock is opal C-T. The above implies that 
microfossils genera·te a favourable microenvironment for quartz 
replacement. 

STAUROLITE ~ NEW INDUSTRIAL MINEH.AL 

B.S. Panov, R.M.Polunovsky, V.P.Krivonos, 
USSR, 

Donetsk Polytechnical Institute, 
340000, Donetsk, Artyom Street, 58. 

, 

~lineral staurcli te that had no practical utiliz­
ation earlier may be used as alternative source 
ro·r t r aditionally used ir1 ferrous metallurgy 
fluxes-liquescences - fluori~e and baux~te. New 
technology of ma.king steel with staurolite concen­
trate has been worked out in Donetsk and success-
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fully tested at one of metallurgical plants. Ad­
dmtion of staurolite increases velocity and degree 
of desulphurization of metal in 1.2 - 1.5 times. 
'rhe.re is e$sential reduction of metal costs and 
steel prodµction .increases by 0.28 - 0.65%. Stau­
roli te concent~ate is ecologically pure and has 
a regular granulometric composition. Its utiliz- . 
ation . instead of Ca fluoride essentially improves 
ecol.ogic~ · surrounding of making steel production 
·that is also of great importance because of prob-

· 1em of. ozone strata of Earth. . . 

. ·Stat1roli te shales often· met on Pre-Cembrian 
• 

shi~l<:ls-platforms may · be main sources of product-
.ion· of stauroli te. Th·ey a.re rather widely spread 

. i~ · Pr~-Cambrian of 8y .4..zov part of ·Ukrai·nian 
Shie.ld• There are usuai1·y a lot of stauroli te 's 
v.arie.ties having somet·imes disthen and sillima.11i te. 
ifhere are from 5 to 35%· of staurolite, from 0 
to .20% of granate, from 8 to 15% of mieal in shales 
st·a.uroli te forms porphyrobl asts in shale with 
length from 0.1 till 4 cm and also crystal 
growths. .Its . a rule crystals of stauroli te have 
mp,,ny ingrowths of quartz, mica, to1Armaline and 
sometimes feldsnar. 

• ..l. In cuttings there are lenticular packets with 
thickrie.ss -from 5 .. 10 till 150 - 300 m along the . . 

strike .. tor ·2 · ~· 4 km. - l:Jroducti ve shales' thickness 
are ·met.a!Jlo.rph~sed ~ in conditions of epldote-
amphi boli te ·facies and as a rule are not migma-
tized at all. : · · 

• • • 

Shales .containing staurQlite a.re well enriched 
and give conc~ntrate with 90 - 925~ of staurolite. 
There are .42 - 48% of Al O and 32 - 3696 of 
Si09 l.n it·. Granite and ~i a concentrates are 
als8 obtained under enrichment·. · Possibility of 
getting quartz and feldspar · eQnee.ntrate ~s be-­
ing studied. It wi11 ·.allow to carry oµt conver­
sion of stauroli·te ores without wastage. 

• 

fQ~ . 'l_, &. BIOAPATITE CRYSTAL ORIENTATION IN SKELETAL TISSUES 

Pavlov D., Turner Orthopaedic Institute, Leningrad, USSR; Ivanov A., Institute of Earth 
• 

Crust, Leningrad University, Leningrad, USSR 

The· definition of position of apatite crystals llelps to search the process of bone for­

mation. Never. the less, there's no common opinion' of the crystal orientation, size and 
• 

for1nes. Conditions and speed of growth have an influence on the apatite crystal for1n. In 

this research the bioapatite . crystals were studied by transmission electron microscopy. 

(crystal for1n and sizes) and X-ray diffraction (crystal sizes and orientation). Results of 

study show that biocrystals have tabula form, often with hexagonal angles. The sizes of 
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---.at crystals are folowing: breadth of tabular - under 1000 A, thickness about 100 A . 
............ ·. s crystals have normal longitudinal axis of collagen fibril. If fibril is parallel to long axis 

-· bone, tabular crystals are norinal to this axis. For example, similar orientation 

rnacoidal texture) was found in cross section of compact tissue of tabular bone by 

- ray diffraction. Such texture and collagen position was discovered in teeth dental tissue. 

·smatic texture is present at basal layer of fossil agnathan aspidin plates, collagen fibrils ,,. 

formed compact s1n:Icture parallel to plate surface. Thus, tabular apatite crystals are 
or.11aally disposed one after the other inside collagen fibril. 

' 

STUDY ON SINTERING MINERAL COMPOSITIONS OF VANADIO-TITANO­

AGNETITE CONCENTRATE AND ITS EFFECT ON SINTER QUALITY 

Yunfu Ren, Zhaoxi Chen, Lieying Jiang, Department of Geology, 

University of Science and Technology Beijing, Beijing 100083, 
people's Republic of Ct1ina 

• 

Th i s paper de a 1 s w i t 11 t 11 e m i n er a l composition and • micro-
. 

structrue of Panzl1il1ua vanadio-titano-magnetite ore concentrate 
• 

and its sinter and tl1e effect of titanium element on tl1eir 

properties by means of opti~al microscope, SEM(scan electron 
. 

micro~cope),X-ray diffraction,DTA (differential thermal analysis) 

and TG (thermal gravimetry) etc .• 
Minerals that separated from the solid solution of vanadio­

titano-magnetito in iron ore concentrate are ilmenite anll spinel. 

There are many kind of solid solution elements in the va~adio 

- t itano-mag.netite, in which Ti02 content is 92.39" of total 

content, V2 Oe content is 96.93 %. the rest are in titano-
• 

hematite, ilmenite etc. These elements make serious crystal 

lattice defect of mineral, thereby resulting in quickly oxidizing 
and releasing a large amount of heat in the sintering process. 

In the sinter.. Ti02 is mainly present in perovskite which 

amounts to 37.71% of Ti02. the rest is present in vanadio-titano 
-magnetite and other minerals. 

As basicity (Ca0/Si02) of the sinter is at 1.75 and Ti02 
content • 

10 
• sinter is > 15%, tl1e • sinter tumbler s t reng t h 
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• . 

• 

decreases obviously, disintegration index • increases and 
reducibility b~comes lower. · 

• • 

In process mineralogy it is shown that perovskite increases 
• 

evidently with the increase of Ti02 content, consequently, the 
• 

increase of preovskite is a reason in the mineral composition 
aspect to make the sinter quality poor. Wit~ increasing Ti02 

content the flowability of liquid phase in ;.· sinter decreases, thus 
• 

microstructure of sinter become nonuniform.It is a reason in the 
• 

microstructure aspect ·to · make the sinter strength lower. 
Perovskite crystallizes mostly in the melt when the 

temperature is over 1200 ·c. There is an inverse relation between 
perovskite and calcium ferrite · in content. - The compressive 
strength of perovskite and calcium ferrite are 8.5kg/mm2 and 

-· 

37kg/mm2 respectively. 
The best way to improve the quality of sinter of vanadio­

titano-magneti te ore concentrate are as followsi 
(1) To keep the content of Ti02 less than 15%; 
(2) To sinter at low temperature so as to prevent 

perovskite formation and increase the content of calcium ferrite • 

• 
• 

• 

THE CALCULATION OF MINERAL THEORETICAL STRENGTH 
• 

. 

Shen Wenhua, Fang Tingting, Xu Jiami, Department of NonmetallicOre 
Engineering, Wuhan University of Technology, People's Republic of 
China 

PREFACE ~ · 

For in which minerals are used as raw material, the theoretical 
strength of a certain kind of mineral is!an important parameter, 
for gem minerals theoretical strength is a major index to its 
polishing and quality assessing. This article will deals with two 

-· parts-calculation of mineral cleavage stress and·calcul~tion of 
tensile strength of mineral fiber. 

-• 
• 

THE CALCULATION OF MINERAL CLEAVAGE STRESS 

Tile mineral cleavage stress 
When an ideal crystal plane of 

. diamond · for exampJ.e and give a 
fallows: 

• 

is the maximum stress per unit area 
a mineral is split. Now let us take 
brief account of the calculation as . 

1. Determine the gross bond number of diamond per unit area 
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- . . 
EN[111]• when the crystal plane (111] of diamond~ is split: 

The unit cell parameter of diamond a
0 

is 3.56A. 

Where s. is per unit area perpendicular to external force, it 
can also be converted by unit cell parameter; n is the gross bond 
number on an area which is subject to external force. When the 
crystal plane [ 1_11] of diamond is split, the gross bond number is: 

2 
1:N[111] -= --~------

. 

= l.82xto 15bond/cm2 

2. Firstly we calculate the simple bond energy (also called the 
dissociation energy) along C-C axis from bond strength of a chem­
ical compound or a simple substance inside crystal and then we 
can get simple bond force (the dissociation 0 energy along c~c bond 
is 90000cal/more; the bond destance is l.54A). 

) 
_ 900QQcalx4.186xlo 7 ergs 

'VTc~c (simp,le-· bond energy -
6

x
102

.
3 

= 6.z79x10-12ergs/bond. 
Wc-c · 

Pc-c(simple bonq force) = ------
r 

the bond distance (or covalence radius or ion radius) 
' 

Where r is 

• 

• 

6.z79x10-12 
_ x _4 

l. 
54 10

_ 8 _ - 4 .10_ 10 dyh~/bond. Pc-c = 

3. Calculate the cleavage stress of the plane 
.• 

Omax = Pc-cxEN[lll] = 4.lox10-4 xl~82xto15 
• • 

[111] of diamond: 

= 7614.3kg/mm2 

.·By the same method, We can get the strength of the plane [ 100] 
2 . 2 or the plane [110]: Omax [100] = 66lOkg/nu11 ; Omax [ll0]=9330kg/mm 

.Therefore for _ any cr.ystal mjneral materal, we can obtain its -
valence bond valu·e ancf "tl).e- simple oond force on its certain split 
plane, i.e. the corresponding theoretical cleavage stress. 

THE CALCULATION OF MINERAL THEORETICAL TENSILE STRENGTH 
. 

The theoreticol tensile strength of a certain kind of mineral 
fiber is the maximum stress (breaking stress) per unit area, when 
the mineral fiber is subjected to pulling force along its axis and 
finally breaks. The calculation me.thod is similar to that of min­
eral cleavage stress. The difference is that when we analyze the 
applied force bond along the external force, only ''principal force 
bond'' stress P (the direction of bond is parallel to force applied 
calculated because when non-principal force bone stress has not 
attained its maximum,. it need · broken. 

Here, chrysotile is a . example: . 
Along chrysotile f iber there ar·e two principal force bond Mg-0 

bond inside octahedron and Si-0 bond inside tetrahedron. The gross 
. 

hond number per unit area is: 
l:NMg-0~4. 52x 1014bond/ cni2 ; . 

• 

LNSi-0=3.0lxl014bond/cm2 • 
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The simple bond force of Mg-0 bond is: PMg-O=l.27XlQ-4dyhe/bon~ 
The simple bond force of Si-0 bond i~: -PSi-0=4.63 . io-~dyhe/bon~ 
The break stress of each principal force bond is: 
Omax Mg-0=5.74Xl0 8 dyhe/mm2

; Omax Si-0=13.94Xl08 dyhe/mm2 
• 

While the sum of the· break stress is: · 
Omax = OmaxMg-o+qmax Si-0=2000kg/mm2 

We have calculated several ten kinds of mineral theoretical · 
strength by the valence-bond force formula • 

• 

'[~. ?.. ~. TIIE INDUSTRIAL USE OF TIIE PUJlPLISII-RED LIPARITE­

TUFFITE FROM THE MIDDLE JURASSIC JIULONGSHAN FORMATION 
. 

OF YANGYlJAN, HEJ3EI A NA'rlJRAL HIGJI-QUALITY MATERIAL 

FOR GLAZED FLOOR AND WALL TILES 

Shao Kezl1ong, Cao Guanqin, Wang Qizt1eng,Tian Yuxiang & 

Sone Zichang, Department of Geol.ogy, liebei College of 

Geology,Shijiazh11ang,IIebei,050031,People's Republic of 
. . 

China · 

The tTiulongshan Formation of Yangyuan County,IIebei 

Province has a widespread distribution in the area of 

Mazhubu in t}1e south of the county, consisting mainly 
I 

of tuffaceous elastic rocks,and being about 280 meters 

thick.In this paper the authors have demonstrated that 

the purplish-red liparite-tuffites occurring in the 

formation are a natural hieh-quality material for 

glazed floor and wall tiles. . . 

The purplish-red tuf fi te of this kinc1 usually con­

tain 60% volcanic debris and 40% normal sediments,gen­
erally being of tuffaceous texture, partly developing 
cross or horizontal beddine, and representing a river 
bed sediment in a dry climate reBi~n. The volcanic de­
bris chiefly comprises volcanic elass,crystalloclastic 
quartz an(] felclspar, and s small ·amount of siliceous 

detritus .The volcanic glass l1as become an aggregate of 
• 

microfilsitic feldspar and quartz or a comb or accor-
. 

• 

dion aggregate of kaolinite. due to devitrification.The 

normal sediments are composed principally of micro-
• 
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scaly illite, sericite and other clay minerals as well 
·- - .. .. . . - - · 

as quartz and feldspar silt grains. Clay minerals make 
up about 40% of the rocks by volume (including 27% ka­
ol.ini te, 10% illi te and 4% ott1er clay mine.rals ·); feld­

spar 16% and quartz 33~ approximately. Moreover, there 
are a small amount of i .ron oxicle, dolorni te and calcite. 

Chemical analyses have shown that the tuffites contain 

respectively 61.56-61.64~ 8i02, 17.80-18.33% Al203, 

4.65-5.72% Fe20~, 0.41% TiO, 0.01-1.90% Ca0,1.22-2.05% 

MgO, 2.70% K20, 0.31% Na20 and 7.84-8.71% LOI. 
The chemical composition and mineral constituent 

. 

of the tt1ffites are q11ite similar to those of raw 
material used by some Chinese plants as base of floor 

• 

and wall tile~. Repeated experiments have ~ndicated 
• • 

that the tiles produced by using the rock of this kind 
have the foliowing advantages:simple formulation,lower 
sinterlng temperature (11oou-116ouc),shorter sintering 

period (one hour),single firing,lower cost,high quali-
• 

ly,etc. 
• 

The RISE Of THE INDUSTRIAL PETROLOGY AND OF THE APPLIED 
RALOGY IN CHINA. ~?. rz, 1- 1-

Su Liang-ho, China University of Geosciences, Beijing 100083, People's Republic of 

China. 

In old China~the studies of 1nineralogy and petrology were restricted mainly as parts of 

e d geologic and economic geologic reports. In new China, many silicate industries were 
• 

established. The·racts that the study of the corrosion of refractories is quite similar to con-

~ ... metamorphism and the study of metallurgical slags is in genesis similar to igneous 

ks, etc, made the petrologist and mineralogists realized the importance of the researches 

_-: e industrial petrology and the applied mineralogy. They started to use the theory and 

-~ fuod of classical petrology and mineralogy for the benefit of industrial interests. 

Many works had been done, such as the study of the metallurgical refractories and 

and the studies of various ceramic materials,by means of applied mineralogical and 

~ .. ~trial petrological techniques. 
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• 

The _iron ore from the Baotou district, Inner Mongolia, is very different from ordinal)' 

iron _ores. It contains quite an amount of fluorite which is very harmful to the aluminous re­

fractories in the blastfurnace. In 19SO's before the establishment of the Baotou Iron and 

Steel Factory, petrologists suggested the use of ·carbon brick instead of aluminous ones , 
which obtained successful results. Latter the mineralogists and petrologists recognized the 

presence of rare-earth minerals in ths slags, and still latter they found niobium containing 

minerals existed in the convertor slags, they made all these valuable elements recovered. 

Now the Factory has become a factory producing polymetallic elements instead of iron 
. ' 

and steel only. 
The iron ore from Panzhihua district, Sichuan Province is a vandium-titanium con-

taining magnitite. It is known that such an ore is very hard to handle _in the blastfumace 

practice. Through the researches of the mineralogy of slags, this problem was solved with 
~ 

very good results . 

In 1970's, the Capital Iron and Steel Company started to use oxygen blown convertor 

in steelmaking. At the beginning, the life of the convertor was very short .It was said that 
• 

only a few more than 100 ti1nes of steel making that the refractories inside the convertor 

had to be replaced by new refractory bricks. This was uneconomical.The researches, by in­

dustrial petrologists with corn bined studies of the convertor slags and the corrosion of the 

refractories made the life of the convertor be increased to more than 1000 times at that 

time. 

Other researches in relation to iron and steel works for example, the studies of the 

petrology of the corroded steel ladels etc. were all earnestly needed _by the steel industries. 

Our mineralogists and petrologists did researches on ceramics also. In the traditional 

way of making porcelines, kaoline has been the main source of raw material. Now-a-day, 

wollastonite, diopside and tremolite,etc. have been used which have the advantages of 

shortening of the fireing time and lowering of the fireing temperature in the kiln. Energy 

saving has been a very important topic in the ceramic industry. With this kept in mind, a 
• 

number of minerals have been studied in making various useful articals. 

Under the Committee of The Chinese Silicate Society, the Sub-committee of Techni­

cal Petrology had been organized since 1980. Since then, workers on the studies of applied 

mineralogy and industrial petrology have been increased up to several hundreds throughout 
. 

the Country.No less than three sessions of The Hole Country Assembly of Technical 

Petrology had been held up to 1988. 

151?_ 1. ~{), \TIIE MINERALOGICAL CHARISTICS AND U'IlLIZA TIONS OF TIIE ZEOLmc 
ROCKS OF UPPERJURASSIC AT DUSHIKOU, CHICHENG, HEBEi, P. R. 

CHINA 
• 

SUN Shanping, WANG Xianq~ng, LI Jiazhen, WEI Haiquan, WANG Xiqu, China 
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University ofGeosciences, Beijing, 100083, People's Republic of China 

There are 8 layers of zeolitic rocks formed by the alteration of rhyolitic tuff and 

perlite in the third member of Zhang Jia Kou Formation of upperjurassic of Dushikou, 

Chicheng, Hebei. These autogenic mineral aggregates consist primarily of clinoptilolite, 

secondly a-cristobalite, montmorillonite and a small amount of mordenite. The content 

of clinoptilolite is more than 70%. It is one of the best zeolite deposits in China both in 

quality and prospective reserves. , 

The Si I AI ratio of clinoptilolites ranges from 4.49 to 4.95. The contents of K are 
• 

more than Na and (K+Na) more than (Ca+Mg). The contents of (K+Na) are inversely 
• 

proportional to these of (Ca+Mg). The Ca(+Mg}-Na-K ternary diagram the 
. 

compositional plots fall entirely in the field of clinoptilolite. 

SEM analysis shows that clinoptilolite is microcrystalline in texture in glass frag-
• 

ments and fine grain volcanic dusts, or regular to irregular tabular fortns precipitated in 

cavities resulting from the decomposition of glass shards and perlite. Mordenite is rare 

and only found in f1 layer. It occurs as filbers in the center of shards or adhering to the 

clinoptilolite. a-Cristobalite occurs as fibers or crypto-crystaline aggregates between 
' 

montmorillonite and clinoptilolite. Some of the cx-cristobalite is found in spherulites on 

clinoptiollite or filling in the pore space of glass shards. Montmorillonite forms flaky ag­

gregates coating the edges -of glass shards and forming the mantle of clinoptilolite. The 

sequece of for1nation of those autogenic minerals from volcanic glass is as follows: vol-
. 

canic glass -. montmorillonite .. clinoptilolite, cx-cristobalite ~ mordenite. These 

autogenic minerals are primarily f9rmed from the acid volcanic glass through aqueous 
' . 

solution in the alkaline to subalkaline fresh water lake under low temperature and pre-s-

sure. 

We have measured the cation-exchange capacities (CEC) and contents of 

exchangeable cations of the clinoptilolitic rocks by means of NH3-exchange and found 
that the former is in a high value. Exchangeable cations are primarily Ca and then K, Na 

and Mg. The selective cation exchange decreases in the order of 
• 

NH4>K>Na>Ca>Mg. 

Clinoptilolite could be· transfor1ned into K-, Na-and Ca-type by cation exchanges. 

I is found that the heat-stabilities and absorptions of clinoptilolitic rocks of various 

cation types are different. During heating treatment, the crystal structure of K-type and 
' 

a-type of clinoptilolite are stable up to 700t , but Ca-type and natural clinoptilolite 

~,e destroyed at SOOt. The ther1nostable sequence is K-type >Na-type >natural sam­

.. e >Ca-type. The order of absorption is Ca-type> Na-type> natural 

~IL.£ple > K-type. Although Si I Al radio is a dominant factor on the ther1nostability and 

.......... orption of clinoptilollite, yet the cation type plays on important role. 

The utilization of zeolite depends mainly on its chemical properties. Clinoptilolitic 

~ s at Dushikou are primarily used in cement production at present, however consider-
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ing their high exchange capacities and selective prope~ties to NH4, K, and Cs, Sr et. al., 

they can be used much more widely and with higher industrial value. The best utilization 

·fields of clinoptilolitic rocks at Dushikou are forage additive of livestock, soil reclama­

tion of far1n crops and water. pollution treatmant. 

• 

MAKE AN APPROACll TO SPEClJLAR GLOSS ANil MEASllREMENT OF DECORATIVE STONES 

Tang Suren, Dept. of Non-metal lie Mine.rlll E119ineerin9, 
Wt1J1an Universi tJ' of TecJ1nolo9y, P. R. Cltinn 

S p e c tl l a r g l o s s o f a de c or a t i \' e s t o 11 e i s d e f i 11 e d n s the re l at i v i t y 
.reflecti\'i ty of the polisJ1cd Sttrfacc of tl1e stonr. in tl1e specular direct ion 
·w 11 en i 11 c i d en t b e am i s i n c l i n e it o 11 t o t 11 e s p e c i rn en s u r f n c e. I t i s a v e r y 
irnporla11t inclex for C\'alt1ati119 i11dt1sti'1l \'al11e of llecorative stones. Wlt)' do 

• 

we use specular gloss to express tl1e reflecti\'il)' of decorative sto11es wJ1ile 
we do 11ot use luster·? It is br.cnt1se., l•nsed on tl1eor~1 of energy-band and 
electron orbital, tl1ese .mi11erals co11sisting decorat i\'e stones also are 
transparent mi11erals wi tl1 Linding clectro11s n1airtl)'. TJ1ej· onl)' absorb a few 
ligl1t wave wJ1i le tra11sn1ission capnci ty is \'ery stro119. Tltei r reflectivity is 
weak a11d tl1e ref lecti\Te i11rlex is 0111)' abottt 5~ti. TJ1eir Litster belo119s to tJ1e 
c n t e g or y o f g l as s y l us t e r i 11 o u t ward n pp e nn c e • I t i s v e r y d i ff i c 11 l t t o 
distiguisl1 tlLat wl1ich is stro119 or \~l1i(·]1 is wenk betwee11 two of their 
lttster by pert1se. Ho\vever, it would be mttcl1 het ter to express the property 
of l 11 s t e 1· o f l tt s t e r o f de r or a l i ,~ e s t ones 11 s i 11 g ... re l a t i \' e v a l u e of 
re f l e r t i v i t J' o f p o l i s 11 e rl s tt r fa c e o f s t one < d 11 r i Jl g m o 11 o- in c i den t be am ) to 
distig11isl1 stro11g or weak ·lt1stcr tl1n11 11si11g directlJ· reflecti\'e index. 
Ac co rti i n g t o the c a l c u l a t i v e p r i 11 c i p L e o f re f l e c t i v e i 11 d ex o f mi n e r n l, the 
specular gloss of decorative stones can be calculated approxim~tely as 
fol low: 

average specuiar gloss of mineral • 

- . G=l/2 <Go+Ge) (sui1 for monoaxial r.rys\a\ mineral) 
• 

• -lr=l / 4 (G9 +2Gm+Go) (s11it for diaxia\ t·rystal minera\) 

where Go, Ge: G9 , Gm, G~ Cthe principal specular gloss of monoaxial and 
d i x i a l m i 11 e r a l re s p e c t i v e L )' ) 

sum specular gloss of decorative stones 

- - -
f.11 s1 + G: st + ••• + (r". s" 

G=~~~~~~~~~-

s + s + ••• + s ... l Z 'I 

where 
- - ... . 
fi1, 61••• Gri average specular gloss of \'ario11s kind of mineral 

s, s ... 
l a • Sn co11te11t or oct"tlpied area of \"nriotts kir1d of mineral 

on p o t i s }1 e d stir face • 
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The major minerals consisted marble s11cl1 ns calcite, dolomite are 11igl1 
double refractive index <former N=l. 486, 1. 658 lnt ter N=l. 500, I. 6-79) and 
they always present orie11tation nra119ement i11 tl1e marble, tl1rot1gl1 a large 
n ttm b e r of me as u rem e. 11 t a11 d s t ud :'. I t 11 n s b e e 11 a pp r o \' e rl t ha t the re are 
orientation for specttlar gloss of decorative stones Cmajor refer to marble>. 
Tl1erefore autJ1or make a suggest io11: tJ1c> mr.thod ·measuri119 specular gloss of 
decorative stones usi11g SS-75 photoelectric glossmeter, as follow: We 
mensttre alternatirely fi\'e poi11ts in perpr11rlic11lar directions wl1ere they are .. 
i11 tl1e cen ter a11d four of cor11ers of two di ngona l line on the polishing 
s11rface of d~cornti\'e sto11es (see fig.) a11rl take ari tl1metic mean as specular 
gloss. Tl1e co11spi ·cuous advantage of tl1is metl1od is to pay attention to both 
orientatio11 of mi11eral arra119eme11t and to· co11sider representative and 
rationlity of measuring position. 

' 

... 

/ 

• 

• 

• 

/ ..._. .... , 
/ ' 

/ ', 
/ ' 

/ 
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QU TATIVEANALYSIS OFFLUORSPAR-CONTAINING 
SLURRIES: A COMPARISON OF TWO X-RAY D CI10N 
GEOMETRIES 

J.P.R. de VILLIERS, W. CLARK, and P.C. van den REEVER 
MINTEK, Private Bag X3015 BURG, 2125 SOUTH ~ CA 

The quantitative on-stream analysis of fluorspar-containing slurries of 
concentrate, feed, and tailings samples was evaluated using two different 
diffraction geometries. 

The first instrument consisted of a scanning goniometer equipped with a 
diffracted-beam monochromator and a scintillation detector for sequential 
measurements. The second instrument was based on tl1e Guinier geometry, and 
consisted of an incident-beam monochromator and two fixed scintillation 
detectors. Both instruments operated with a transmission geometry, irradiating 
a flat slurry sample. · 

A recirculating slurry-mixing and presentation system was used for both 
instruments. This consisted of two peristaltic pumps and a mixing vessel for 
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representative sampling of the slurry, and a windowless sample presenter which 
presented a flat curtain of slurry to the X-ray beam. · 

It was found that both instruments could measure CaF2 concentrations in slurries 
of concentrate, feed, and tailings with sufficient precision for process control. 
The precision of the diffracted-beam and incident-beam monochromator 
instruments are compared with the analytical variations in the chemical analy·ses 
by two laboratories. 

• Instrument Precision ( o/o CaF 2) I 

. 

Feed Tailings Concentrate 

Scanning instrument 0.8 0.4 2.5 
Guinier-geometry instrument 1.3 0.3 3.5 
Cl1emical analysis 1.0 1.3 2.3 

• 

It is therefore evident that, for most slurry streams, the on-stream instrumental 
methods give results with precisions comparable with those of conventional 
wet-chemical methods 

An evaluation of the value of process control based on these instruments 
indicated that substantial savings could accrue from the rapid on-stream 
measurement of the CaF2 content of these slurries. 

CJIARAGTEISTICS AND ORIGIN OF TREMOLITE ASBESTOS PARAGf~ETIC WITJI NEPHRITE 

• 

Chunyun Wang( a), Rongq i Xu( a) and . (i.uohao Ren( b) a, . Guangzhou Branch, 
l11sti lute of Geochemistry, ·Academia Sinjca, Wushan, Gunngzhou, GD 510640, 
P.R.C.; b1 Department of Silicate Engineering, Wuhan University of Techno­
logy, Wuhan, JIB 430070, P.R. C . 

• 

Tremolite asbestos from Wenchuan, Sicl1uan, paragenetic witl1 Longxi nephrites, 
occurs within elastic belt of tremoli le schists a11d dol<lmi tic marbles. Cer­
tain amount of dolomites and trace tales, chlorites and illites are usually 
•ixed into it. Observations by polarising microscopy revealed that ifibres are 
closely aligned to form bundles wJ1ich insert intcnsely · cataclastic ~ dolomites 
and exhibit 8J>parent straig}it extinction and weak undutous extinction. SEN 
studies also showed rounded vicinal faces, flattened (100) faces and stepped 
fracture faces of trcaolitc fibres. 
Electron diffractions and •icrographs of dispersions revealed that widespread 
existence of (010) multiple-chain faults and (100) twinnings in tre•olites 
favours splitting of fibrils, sheet silicates take the form of tre•olite f i ­
bre and possible talc-inserted layer exists among tremolile structure. In tow­
resolution electron images of ion-tl1ir1r1cd cross- sccti•,n, lrcmoli te asbes t os 
consisted of irregular and curved saall crystallites that have their c- axis 
fairly well aligned Lut are rotated aLoul tl1is direction as intlicated by (010) 

. faults, thus displayed a cellular structure. Low -angle grain boundaries are 
structurally coherent, whereas high- angle grain boundaries betwecn ·individua l 
crystallites, also favouring fjbre formation in lrcmolitc asbeslf>s, are typ i­
cally incoherent nnd the structural mismatch is compensated partially by un­
filled holes or possibly by sheet silicates fillings. 

-210-



• 

-
The cellular structure is tjkety to be achieved by •ultiple independent nucle-
ation fro• a supersaturated hydrothermal systc• or Ca0-Ng0-Si02-1120-C02 in an 
opening fracture of cataclaslic dolomitic •arbles, and subsequent ultrafast 
growth of nuclei oriented with the fastest growth dircction(c) nea~ly normal 
to the fracture, the latter of whicJ1 may favour part of tl1e planar' ~efects in 
trcmolites. It can also provi~c. excellent conduits throU!lh asbestos for hydro-
tl1crmat fluids to result in additional nbundant chain-width ~rrors in trcmo­
lites and even cause them to alter partially lo sheet silicates through retro­
grade hydration reactions. 

• 
• 

• 

CHINA1 S JINGDEZHEN PORCELAIN STONE AND ITS DIOCTAHEDRAL 
SERI CITE 

• 

Wang Ling, Sichuan Institute of Building Materials, Nianyan, Sichuan 621002, 
People's Republic of China 

• 

Porcelain stone is a traditional raw material of ceramics in China and 
also the aost important raw aateriat of ceramics in the famous porcelain 
capital, Jingdezhen. 

There are abundant resources of porcelain stone deposits in Jingdezhen 
area, such as Liuj iawan, Dongliu, Ningcun, Yao Li, Sanbaopeng, Nangang, 
Yikeng and Zhuangling, ~ etc .. The Jingdezhen porcelain stone appears in 
white or greyish colour, compact massive struct.ure, and tepidobtastic 
texture and quincunx texture•, consisting mainly of fine-grained qtz. 
(about 57") and ser. (about 34"), with a saat ter amount of fs., Cc., chl., 
pyrite, etc .• The contents of relict feldspar are in proportion to the 
strength of aineralizing .al te·ration. The chemical coaponent, ~O+Na.O 
is 4. 241"' in average and K.O>Na,0; while that of Fe,O, is less than 1", 
averagely 0.695-. White degree of the stone is higher. The mean contents 
of silica and aluaina are 75.464"' and -15.239- respectively. So Jingdezhen 
porcelain stone has technological property of porcetaining by itself. 

Serici te is an important content in porcelain stone, and has 
technological properties of porcetaining both feldspar and clay. The 
sericite of Jingdezhen porcelain stone exhibits microlepido or 
lepidoblastic> and is isodiaension or petaloid with pointness under SEM. 
The characteristic peaks of sericites are quite evident, sharp-pointed and 
symmetry in X-ray patterns) which suggests that sericites are characterized 
by high crystallinity and low hydration. The polytypes of sericite are 
mainly 2Mv fewer being tM; IN is aore than 2M, in exceptional 
deposit(Table I>. On the basis of study on the peak widths W,-W, data 
of basal reflection IOA and 5A, Jingdezhen porcelain stone almost don't 
contain montmorillonite (interlayer) minerals. According to the result of 
cheaical analysis of pure sericite specimen, there are a saall amount of 
interlayer cations NH; in the sericite of Zhuangting and Ningcun 
porcelain stone. According io characters of values of d<060> and 530cm·• 

• 

* Quincunx texture, It is a characteristic texture of Chinese procetain 
stone. In thin section, quartz grains show perforating or harbor-like 

• 
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which appears as ' plua blossoms, less homogeneously distributed in •icrolite 
or lepidobtastic sericites. 
band frequency, there are alaost no Fe+Mg in the octahedron of sericite . 

• 

Table 1 X-ray and ID characteristic data for dioctahedral sericite of soae 
Jingdezhen porcelain stone . 

No. Speci•en Polytype Peak Position(A) Peak Widths( 0 
) d<O"O) 530 

d, di d, w, w • A ca·1 

• 

1 QX02 2M1 9.968 . 

2 QD02 2N1+1N 9.976 
3 QD03 2M1+1M 10.015 
4 QD011 . 2N1+ tM ·9.913 
5 QD063 2M1+ IM 9.999 
6 GF06 2M,+1M 9.960 
7 GFOll 2N1+ IN 9.992 
8 GLOB 1M+2M1 10.015 
9 GLOlO 1M+2N, 9.960 
10 GN02 1M+2M1 10.03, 

1. Yikeng porcelain stone. 
6-7 Dongliu porcelain stone. 
10. Ningcun porcelain stone. 

4.991 3. 329 0~380 0.340 0.340 
5.002 3.336 0.320 0.300 0.300 
5.006 3.339 0.320 0.300 0.320 
4.983 3.328 0.300 0.300 0.300 
4.998 3.338 0.360 0.320 0.300 
4.993 3.335 0.340 0.340 0.320 
5.000 3.334 0.320 0.320 0.320 
4.991 3.339 0.320 0.360 0.300 
4.985 3.324 0.380 0.340 0.340 
5.010 3.339 0.400 0.340 0.320 

2-5. Zhuangling porcelain stone. 
8-9. Liujiawan porcelain stone. 

1.495 535 
1. 494 536 
1.495 536 
1.496 · 534 
1. 496 535 
1. 494 536 
1. 494 536 
1. 494 533 

• 

1. 492 538 
1.493 537 

Froa the above-mentioned, it is indicated that the quality of Jingedzhen 
porcelain stones are excellent, and naturally serves as a kind of the best 
raw aaterials of porcelain industry production . 

• 

• 

• 
• 
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CHANGES OF MINERAL PHASES OF SINTER IN THE BLAST FURNACE • 
• 

• 

Wang Shutong. Jiang Lieying, Department of Metallurgy, Beijing University 
of Science and Technology, Beijing 100083, Chi-na 

The dissection investigation of an experimenta·l blast furnace (23m 3 ) 

in Shoudu Iron and Steel ·co. China, with self-fluxing sinter in furnace 
• 

burden, was carried out in 1979-1981. This paper deals wi th the phase 
change of sinter minerals · and the formation process of slag by 
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....,... ~..i·c analysis. 
------T constituents of the sinter before being charged into the 

_ ~=- _..._e shown as fol lows: 

Fe2 03 . 
13 

Ca2 Si04 
3· 

FexO 
2 

Ca2 FeSiAIO,. 
1-2 

glass 
8 

CaFeSi04 
5 

~n.ction of iron bearing minerals: Process of phase change from 
3 through Y Fe2 03 to Fe3 04 was obs~rved. In the crystals of 

ed Fe3 04 appear with many micropores. CaFe2 04 transforms to 
·~~ , ...... e earlier than Fe3 04. MFe can be directly formed from Fe3 04 , 

e great majority of MFe are formed step by step through FexO 
• n. 

at ion of blast furnace slag: In the stack and belly, a great deal 
e2 04 are reduced, CaO enters into the slag, then CaFeSi04 and 

· • incre~se and the glass phase disappears gradually. The alkalis 
-~iched, at the surface of holes in the slag phase KSiA104 appears. 
:e upper part of bosh.- slag and iron are separated from each other. 

e slag Ca3 Mg(Si04 )2 , CaSi03 , MgAl2 04 , CaMgSi04 , CaS appear., 
2 Si04 increases obviously. After deferrlzation CaFeSi04 gradually 

---~i."'pears. In the lower part of bosh, the amount of MgAl 2 04 . decreases, 
· 3 , . Ca3 Mg(Si04 )2 and Ca2 Si04 continuously transform to 

. 

- 2 gSi 2 O., - Ca2 AlSiA107 , a network structure of Ca2 MgSi2 07 -
__ 2 1SiAl07 with Ca2 Si04 is formed. In the hearth of the blast furnace, 
the coke ash enters into slag, which is mainly of Ca2 AlsiA107 -
Ca2 MgSi 2 O,. , and the "final sl.ag" is formed. 

• 

•r'H&: MODIFICATION AND BENEFICIATION OF TITANilM-BEARING 
BLAST FURNACE SLAG 

WANG Xiuwen, ZHANG Qiang, LI Zhenglong, Institute of 
Mining and Mineral's Engineering, Beijing University of 
Science and Technology, Bei.jing 100083, People's Repub-
lic of China · 

The blast furnace slag studied contains about 23 s 

25% Ti02 and 12% Fe. On account of higher ti taniu11 
content it can not be used as raw materials for the 

• • 

-production of building materials, e.g., as that of slag 
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cement production. · The comprehensive utilization of 
the slag would be therefore of significance. 

According to the mineral canposition analysis ti-
- tanium in .the slag exists prodom1nately in the form of 

perovskite ((Ca,~e)O(Al Si,Ti)02) and titanaugite ((Ca, 
Na)(Mn,Fe,Ti)(Si,Al)206. Obviously it is very diffi~ 
cult to recover titanium and thereby to decrease tita­
nium content of the slag to required level by conven­
tional physical separating methods, although iron in 
the slag .can be recovered by magnetic separation as de­
sired. In our study the original slag was retreated in 
blast furnace to fonn two simple slag phases, the one 
is titanium-riched anosovite (Ti 05), and the other is 
low-titanium non-crystal phase ( nown as glass). After 
crushing and grinding the two phases of materials were 
separated by conventional physical separating methods. 
This paper concerns mainly the measurement of the bene­
ficiation properties and the separating study of the . 
two materials anosovite and glass. The test results 
were also discussed. 

The measurement of specific gravity was made by 
pycnaneter method. ·The values obtained are 3.118 for . 
anosovite and 3.063 for glass. It is evident that to 
separate anosovite from ·glass is difficult by gravity 
separation. The measurement results of susceptibility 
show that both anosovite and glass are weakly magnetic 
materials. Yet the difference is so smaJ.l that they 
can not be separated by _magnetic separation.The dielec-

• 

tric ·constants measured are 9.26 for glass and >s1 for 
anosovite. The difference between them is so large, in 
theory, that to separate them each other by dielectric 
separation is effective• The separating tests show 
that both flotation and electrostatic separation are 
the effective methods to separ~te the crystal phase an­
osovi te from the non-crystal phase glass. By artifi­
cially mixing coarse anosovite with glass, the grade of 
which is 25% Ti02, the concentrate gra~e by electrosta­
tic separation can reach 71.20% Ti02 with recovery of 
60.74% Ti02 and 94.11% of anosovite. By using hydro­
ximic acid as collector and sodium silicate and sodiun 
hexametaphosphate as depressant anosovite can be sepa- · 
~ated from glass in fine fraction by flotation. The 
flotat~on mechanism is due to selective adsorption of 
hydroximic acid on the surface of anosovite. The effect 
of depressants on separation of the ·two materials may 
also play an important role. Measurement and test re­
sults as mentioned above show that synthetic anosovite 
and glass differ largely from natural minerals with 
same or similar chemical composition in beneficiation 

·properties, particularly in magnetic properties and 
flotation properties. 
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C CIERIZA TION LEACIIlNG BEHAVIOUR OF '1· 1 11. ~.' 
FERROCHROMIUM - A MINERALOGICAL S'I'UDY 

A. WEDEPOHL and P. ELLIS 
MINTEK, Private Bag X3015 ,._,BURG, 2125 SOUTH ri.a. CA 

Differential leaching of the phases in ferrochromium, is relevant to a variety of 
industrial processes. A mineralogical study was therefore made of a range of 
high-carbon ferrochromium samples produced by the South African 
ferrochromium industry. According to specification, high-carbon 
ferrochromium must have a chromium content of more than 50%. The samples 
chosen for this investigation had carbon values of 6 to 7% and silicon values 
ranging from 1.13 to 8.26% by mass. 

In general, it was found th·at the major phase present is the carbide (Cr, Fe)7c;. 
The second most abundant phase depends on the silicon content of the sample. 
In low- to medium-silicon samples (1.5 to 4% by mass), this phase is ferrite, i.e. 
a solid solution of a-iron and chromium, which can dissolve large amounts of 
silicon, up to approximately 14% by mass. In h~gh-silicon samples ( 4.5 to 8% 
by mass), ferrite is replaced by the silicide (Fe,Cr)Si3 containing stoichiometric 
silicon, i.e. 14.4%. In these samples, there is a further high-silicon phase 
containing approximately equal amounts of chromium and iron, together with 
12% silicon. This phase is denoted as the a-phase, the presence of which is the 
main cause of br.ittle fracture in specific steels, particularly those witl1 high 
chromium contents. It is known in the steel industry that particular alloying 
elements, including silicon, enhance the formation of the a-phase . .. 
The most useful information was gained by the study of several specific particles 
i·n polished sections, both before leaching and after leaching for selected times, 
by means of scanning electron microscopy and analysis of the phases by 
energy-dispersive spectrometry (EDS). After the initial selection and analys.ts 
of particles, the polished sections were subjected to attack by sulphuric acid (20 
g/l) at 90°C, for the required time. It should be noted that extra ferrochromium 
fines were always present· i11 the leaching vessel to ensure reducing conditions. 

. It was found that leaching for 4 hours dissolved a large percentage of the carbide 
in all the samples. Where the major secondary phase was ferrite i.e. in the low­
and average-silicon samples, the ferrite initially dissolved faster than the carbide 
and had a pockmarked appearance. However, after the first half hour the ferrite 
particles appeared to have become passivated and the rate of carbide dissolution 
overtook that of the ferrite. Where the major secondary phase was silicide, i.e. 
in the high-silicon samples, the silicide phase showed no sign of dissolution, and 
appeared to have a high resistance to acid attack. In these samples it was observed 
that the a-phase was totally dissolved within half an hour in sulohuric acid .. 
X-ray diffraction patterns of all bulk leaching residues, whether the starting 
material had been high- or lo.w-silicon ferrochromium, showed the residue to 
consist of primarily (Fe,Cr)JSi with minor amounts of the carbide (Cr,Fe )1c;. 
This, together with the observation of the leaching behaviour of individual phases 
in polished sections, led to the hypothesis that the leaching of ferrite is analogous 
to the dezincification (or de-alloying) process in brass. In this proces~, pitting 
corrosion of yellow brass (Cu 65%, Zn 35%) is caused by dissolution of the 
brass with subsequent recrystallization of pure copper on the corroded surface. 
Pure copper is relatively resistant to acid attack. 
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It is suggeSted here that, in the case of ferrochromium, the surface of a particle 
of f~rrite containing large amounts of silicon in solid solution is rapidly dissolved 
by the sulphuric acid. All the elements except for a small percentage of the 
chromium, which stays in solution, are then redeposited on the surface of the 
source particle as silicide, which is resistant to acid attack. The removal of a 
small percentage of chromium would increase the silicon content of ferrite in 
these samples by about 0.5%, giving it a composition equivalent to (Fe,CrhSi.· 
EDS analyses of the surfaces of ferrite particles at different stages of leaching 
were consistent with this theory. This dissolution of the ferrite beneath the passive 
silicide layer can still take place, since the silicide has a porous nature. 

Finally, it is concluded that the silicon content of charge chrome plays a major 
role in its leaching and corrosion behaviour . 

:)A . '2.~~g ~TUDY OF ivIULLITE IN REJ~'f:tA ( ~TORIES 
• 

• 

'ivEl.~G Runsheng, China~ University of Geosciences,Beiji­
ng 100083,People's Republic of China 

I 

~hiQ papPr ~P~ls with mullite in refr~cto~iA~. 
1. The fused Al 20 3· ZrO~--SiO~· refractorieE. usually con­

t Bin approxmately 0 3 ~ mullite.It is mainly distri­
buted in tne elass ~hase of AZS refractories.M~lli­
t e is colourl_E ss, but so:ne refractories contain mul­
l i te V\'i th light colour. Probably a li t.tle Fe·2 0"3+TiOt. 
is dissolved in it.I.t is acicular in .shaneo The re--
asons a.r e due to ·as follow: 
(l)The fused cast refractories have a~proximately 
1. 2 l. 5 ·y~ soo.iwn .oxide. It \'t'Ould nrornote mulli te dis.­
solution urohibi tion its f 'orrnation in the silicate -
meit ". 
( ~: )The uroducts o f' fused ca.st refractories are pro1-

d uced under high te:nperture and reduction. Ho~·ever 
this is not fa\rourB.ble for 'nulli te f or1na .. tion' 
( 3 )Acco1~ding to phase di::lgram of 1\120 3 ZrO?. Si_0 ·2 s­
ystern 8f·ter baddeleyi te and corundum \'v'i th included 
Zr0 .2· ha.ve been crystallized .!v1ulli te begins to crys­
tallize at that ti1ne. The silicate melt has a high 
Viscosity, 'tv·hich mal{e rnull it e uncrystalli zed. 

2.Andalusite hornfels,sillimaniteconcentrate powder 
a.nd ky8ni te concentrate povvder are re'spectively pr­
essed into colu;nn wl1ich are sintered at l300°C,l600<J 
for six hours.It is nroved that mineraliser AlF 3· 1-
0\l\iers the transfor.tnation temperature of si llimani te 

•• 

11\ihich grain of 1nullite is of snecia.:;t netted texture 
1'r1e slntered. or·odu.(;to !::5how t11at botn a:r1de:tlusi te .no-

L 

r1-ifels and ky2ni te concentrate pO\\ider can make mul-
l i te and cristobali te for·natj.on. However sillimani te 
c oncen.trate Dowd.er forin a li i;tle a.mount while heat-
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ing at 1600°C. 
Adding 10% AlF·3 in the concentrate POV'lder heat-

int;· a. t l 500°C· for 6 hours. The complete transforrna tio~ 
ts attained.It is proved that the mineralizer of. Al~ 
decrease the transforination te1nperature of silliman­
i te and mullite form a special netted fexture. 

• 

1 

ON THE PHYSICO-CHEMICAL CONDITIONS FOR THE FORMATION OF 
MINERAL ASSF!MBLAGE IN THE SHELL FOSSILS • 

Wu Mingqing,Song Yunhua,and Ouyang Ziyuan,Institute of 
Geochemistry,Chinese Academy of Sciences,Guiyang,Gui­
zhou,550002,People's Republic of China 

Based on the mineral compositions of shell fossils, it 
has been found that all the known biogenic minerals 
were calcium~minerals and two third of them were com­
posed of calcium phosphate just prior to Cambrian pe­
riod. With the evolution of biota the compositions_ of 
marine skeletons apparently had changed 1 when the 
Phanerozoic sea was dominated by calcite-secreting 
inverbrates,Cenozoic and modern seas wer~ characterised 
by organisms which secreted aragonate and Mg-calcite 
akeletons,and Mesozoic sea contained roughly equal num­
ber of each~ The question is why the minera·1 composi­
tions of shell fossils are so special and what factors 

controll the biominerazation of shells. This paper 
will discuss thermodynamically the problems. · 
1. Thermodynamic criteria of formation sequence of car­
bonate and phosphate minerals 
Under the condition ~f modern seawater,1.e. assumed pH 
is 8,the total concentration of carbon is 1.2 x10-JM,and 
that of phosphorus is 2x 10-s M , the calculation indicates 
that,in this case,etco3?.-=8.44 x10-s M ~and CtJ>Q~3-= :~.51x10-s M, 
respectively. Accordin~ to the mass-action rule and 
the Ernst•s equation ~Gr = RT ln K, the calculated re­
sul ta of~,..., which make the earo3 and Ca3<P04>2 precipitated 
are: 
For carbonates Clc

8
2+= 10-3• 28 N (calcite), 

ac8 2+= 10-3 •
06 M (aragonite); 

For phosphate ac8 2 .. = 10-3 • 93 N. 

The calculations above show that the precipitation of 
phosphate took place - first followed by the calcite, the 
last was the aragonite mineral in seawater con~ition. 
2.Activity pH diagram of carbonate and phosphate mine­
rals 

• 
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Based on the fact t ·hat there were two types of mineral 
assemblage,i.e.carbonate(calcite or/and aragonite) and 
phosphate in shell fossils,these elements, that is C,P, 
and Ca,are taken into account. As H2ro3 and H3P04 are po­
lyprotonic acids,the imcomplete polyorder dissociations 

·will take place iii solutions. Thus,thea00~-:-andGlro4 3-will be controlled by the pH of solutions. The lowest 
activities ot· ca2• under which Ca(;o3 and Ca3Cl'04>2 precipita­
tions take place can be calculated by means or the a 00~-
and aP03- present in solution at various pH. Using 
these c4alculated results, the log aa_• pH diagram can be 
constructed. · 

• 

3.Paleoenviroment analys1·s for the formation of shell 
fossils · 
~he logael"-pH diagram shows that the precipitation of 
the phosphate minerals take place at pH ~ 2.2,but it 
does not mean that the phosphate · shells can form at the 
early stage of paleo-ocean evolution under which the ·pH 
values were very low in paleo-seaw~ter. It has been 
revealed from some geologica1 ·1nrormation that before 
Proterozoic the phosphate deposition took place in local 
area on small· scale. At Sinian the whole earth deposi­
tion of phosphates began on large acale followed by the 
formation of the phosphate shells. It was not before 
long that the carbonate shells . formed widely,we can in­
ferred that the pH of seawater could be close to 6 at 
the end of ·Proterozoic. With the increase of pH in sea 
water reached 6.45 at Cambrian,carbonate shell,particu­
larly calcite shell with lower solubility,were widely 
developed. In Mesozoic t11e formation 01· aragoni te and 
calcite shells was the result of pH values increase of 
seawat~r. From Cenozoic to present the pH values of sea 
water increased gradually up to about 8.1 today. During 
this period the aragonite shells were dominate. 

• ' 

STUDIES ON QUENCHING CRACK OF QUARTZ CRYSTAL 
. 

YangJun, Research Institute of Quartz Glass, China Building 
Materia.ls Academy, East Suburb, Guanzhuang, Beijing 100024, 
China -

· The size reduction flowchart of the r~w materials of quart z 
crystals for making quartz glass is as follows: quenching 
crushing grinding. Because of the volume effect and aniso-
tropic expansion of quartz during its phase transition water 

-quenching results in cracks. The _crack pattern controls the. 
shape of quartz particles. While quartz powders mainly being 
of rod- or needle- like particles have more influence on mobi-
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-

lity and melting, those predominantly being of equi-granular 
• 

particles benefit mobility and melting. This paper deals with 
quenching cracks of quartz crystal at different temperature • 

. 

It is found that the higher the quenching temperature, the 
greater the length/width ratio of crack unit and the more the 
rod- or needle- l~~e particles. The crack ·direction is mainly 
parallel to (lIOl) or (11~1). Moreover, the higher tl1e 
temperature, th·e greater the crack density. The change in 
crack density at tl1e phase transitional temperature is the 
greatest. The experiment results are listed in table 1 • 

Table 1. The results of quartz crystal quenching experiments 
• 

que nc h·i ng 
temperature 

( OC) 

heating 
appearance 

size of 
crack 
(mm-mm) 

equi-mesh 
of crack 

density length/wid. 
• time of crack ratio of · 

( h ) (cells/cm2) crack unit 

200 0.5 transparent 8 x 8 2 . 1.56 1.00 
300 0.5 less . transparent 3 x 4 4 8.33 1.33 
400 0.5 light opal color 2 x 3 6 16.67 1.50 
500 0.5 opal col or 1 x 

• 

2 10 50.00 2.00 
600 0.5 opal col or 0.3 x 0.5 35 666.67 5.00 
700 0.5 opal col or 0.26 x 0.31 52 1240.69 10.53 
800 0.5 opal col or 0.25 x 0.30 54 1333.33 11.64 
900 0.5 opal color 0.15 x 0. 18 90 3703.70 21 . 21 

• 

.... 

ON THE FIBROUS SUDOITE IN DEBAO~ GUANGXI 
• 

• 
. 

Yang Yaxiu,Di Su1et,and Zhang Wel,Geological Institute,State Bureau of 
• 

Building "aterials lndustry,Beijlng,100010, People's republic of China 

• 

Sudoite, a very rare fibrous di-trioctahedral Al-Mg chlorite, has 

been found recently in coal-series strata of the Heshen group of Upper 
• 

. 

·per1ian Per .iod <P2 h> in Debao County, Guangxl, China. This is a-white, 
. 

fibrous mineral, generally in the for1 of long and thin bars when 
• 

observed under SEM. Its optical properties have been determined as 
• 

follows: Ng'=l.572; Np'=l.569; mostly parallel extinction; C+l elonga-
. 

tion; c-> 2v<10~ Electron probe analyses show its structure formula 

the total number of its octahedral cations, mainly containing Al and 
• 
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secondly "g,is slightly under 5. The XRD data of the sudoite Ctable tr 
. 

• 

indicate that dC001>•14.17*0.01A; dC060l•l.5098%0.0009A; with the 803 
• 

ref·lectlon being the strongeat but with the 001 the strong~st after 
• • • 

heating at s00°c for two · ho~rs. The corrected cell para1eters are: a• 
• • 

• 

5.22bt0.002, b•9.0bl±0.003, C•14.285:t:0.005A; f>•91°11 '±2'; V•671.:J:0.4A
3
; 

1onocllne syste1. The DTA curve of sudoite appears between that of 
• 

Mg-chlorite and of Al-chlorite, showing two endothermic peaks, oneCthe 
• 

larger> at 660°C and the other Cthe s1aller> at 840°C, with a sharp 
• 

• 

exother1ic peak at 940°C. The IR absorption band snows respectively 
" 3650CW> 3615(5) _3520CS) 3350CM> 1070CW) 1000CS,B> 9.40CW> 832CW) 700CS) 

, 
• 

557CW> 532CS) 470-459(5) 408(5) 410CWlca-~ 
• • 

Closely associated with sudoite ls a s1all a1ount of paragonlte, 
• 

which usually appears in a flaky Interspersed _ fora aaldst the sudoite 
• • 

fibres. The country rock of sudoite is a black carbonaceous clay with 
• 

flaky texture, co1posed 1ainly of rare rectortte containing a layer of 
... 

water and paragonite, as well as a s1all a1oun~s of sertcite,kaolinite, 
• 

• 

pyrite,etc.Sudotte fibres are usually to be found along cracks.situated 

Inside or between rock beds, or around pyrite cu•ular spharolith. It 
• 

• 

can be therefore, concluded that sudoite was ror1ed by alteration and 
• 

• 

filling-up of solutions <or hydrother1al solutions> during swelling-up 

this area after dlagensts. 
• • 

Table 1. The XRD data of sudotte froa Debao __ ... __ ...._ ________________ - _ _.._,_ - --- ----- --------~ 

i dCA> dcl> • hkl • I • hkl • I . I i hkl i d<A> • I I I I . I 
• . . . l . • • I _____ ~--~~l~-~-----1~--~--_ ..... ....,~ .. ,._ '-~--1~-~----1--~---- ~-~-I 

001 i14 . 16 I 50 • 201 i 2. 497 • 35 • 205 l 1.8032 • 6 I I 1 I -
002 • 7 .08. • 75 • 203 • 2.404 • 14 • 008 • 1. 7731 • 1 I I I I I ) I ) 

-003 • 4.720 i 100 i006, 202 i. 2. 364 • 6Bl31l,207i 1. 7115 • 28 I I I -110, 020 • 4.488 • 28 • 040 • 2.264 i 1 i 208 i 1.5559 • 108 l I I I I - 15 . 004 • 3.539 • 72 1204,133i 2.226 i 4 i 060 • 1.5099 • 
I I I I 

005 • 2.833 • 25 • 007 • 2.026 • 1 1 • 062 • 1.4771 • 4 l I I 1 I I 1 I - • 

17 • 
200.201 • 2.607 • 2 • 204 • 1.97781 i • 

I 1 I I l I • - i 126, 206 i 
• 

202 • 2.541 • 1 1 1.8704i 5 I I • 
) I I 

_________ ._,. .... ._ _ _. ....... _____ ,._..... - ------------ ----------- ~--- ...,_ __,_ __ 
• 
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CHARACTERIST~ICS OF MINERALOGY ~ OF LEIZHUANG QUARTZ STANDS'fONE AND 37, tz, ·(g. 
ITS EFFECT ON CRUSHING' AND Fe 2o3 ELIMINATION 

Yao .Shudian, Su Fenwei, Beijing Graduate School of Wuhan University 
of Technology, Guanzhuang, Beijing 100024, China 

Leizhuang Quartz Sandstone mine, in eastern of Hebei province 
is one of the largest Mines to produces Silicious Material required 
in plate glass industry in ,China at present. ·It is the major 
problem in processing for many years that Fe 2o3 content of Quartz 
sandstone is so difficult to be removed that it can not meet the 
requirments of float process glass manufacture. This article 
studied in detail the characteristics of ore mineralogy. It has 
been proved by test that Leizhuang Quartz Sandstone belongs to 
regrowth type granular texture. The rock consists of framents and 
cement, the ratio of the two parts is ~4:1. The major component 
of the fragment is quartz, and its content is more than 99%, the 
rest are feldspar and heavy mineral. Most of the quartz particles 
are 0.1.5-0.25 mm in size, Part of them are 0.25-0.45 mm. The size 
of the feldspar particles is similar to that of the quartz parti­
cles. Most of the feldspar particles are slimed, and are mainly 
Particles Size Distrubtion & Fe 2o3 Content of the Products by 
Different Crushing Methods (Table 1) 

Size range 
mm 

+0.5 
-0.5+0.315 
-0.315+0.2 
-0.2+0.1 
-0.1+0.076 
-0.076 

Total 

-Rod mill, • 

Yeild % 

1.71 
19.70 
28.14 
36.28 
3.72 

10.45 

100.00 

0.110 
0.087 
0.094 
0.110 
0.195 
0.510 

0.146 

Crushing rolls 
Yield % 

8.66 
14.20 
20.34 
31.32 

4.33 
21.25 

100.00 

Fe203 
fo 

0.03 
0.05 
0.06 
0.05 
0.12 
o. 24 

0.094 

• 

Chemical Composition of the Quartz Ore and Test Results ( 
1 

) Tab e 2 

Component 

Raw Ore % 

Laboratory 
Test % 

Pil ot Test 
(2.7 T/h) % 

98.54 

98.98 

99.01 

MgO Ti0
2 

Igloss 

0.47 0.087 0.039 0.090 0.20 0.025 0.032 0.23 

0.24 0.054 0.060 0.042 0.22 0.027 0.24 

0.45 0.040 0.160 0.020 0.16 0.020 0.02 0.31 
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distributed _among the quartz particles. 
mai~ly tourmaline, the grainy zircon is 

The heavy mineral 
also rarely seen. 

are 

The cement are mainly silicious, most of it has secondary­
grown onto ! the quartz fragments. Its optical properties remain 
the same ·as that of quartz particles, but it is clearly visible . 
at the adges of the quartz particles. Some of it is in the voids 
between fragments. 

It has been found by further study that most of the Fe 2o3 
content in raw ore exists in fine particle size fraction of less 
than 0.1 mm in size, and most of it . consists of the iron 
generated in the cornminution process and membranous iron (iron 
oxide). There are different effects on distribution of Fe 2o3 
~ontent in each particle size fraction when using different 
crushing methods (Table 1). 

According to above and the laboratory research results, the 
following results have been obtained from the pilot test that 
productive capacity is 2.7 T/h:Fe 2o3 content reduces from 0.24% 
to 0.040%, the yield of quartz concentrate is 77.3% (Table 2). 

RELATION OF CATHODOLUMINESCENCE PROPERTIES OF CARBONATE MINERALS TO 
• 

... 

• 

• 

Ying Fengxiang and Wang Yanqi, Central Laboratory, Research Institute 
. 

of Petroleum Exploration and Development, Beijing, 100083, PRC. 
Xu Long, Department of Geology, Jianghan Petroleu• Institute, Shashi, 

Hube i, 43 410 2, PRC. 
• 

In recent years cathodoluminescence properties of the minerals 

have become one of the important contents in the study of diagenesis. 

They are beneficial to examining the •inera ls and inf er·r ing the 
J 

impure elements within them. Moreover, they may be also used for 

determining the cementation order of different generation cements, 
' 

restoring primary structures and textures of the rocks, judging how 

the minerals originate and where they co~e from, observing the 

features and distinguishing secondary porosity, etc. 

It is very important to study cathodoluainescence <CL) of various 

kinds of carbonate •inerals which exist in the cements of elastic 
·rocks. In recent years by observation of CL it is found that CL 

characteristics of carbonate minerals i-s fairly co•plicated. 
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So•etiaes CL of the sa•e •inerals, such as calcite whose CL •ay be 
ifferent, yellow or orange, yet CL of different ainerals aay be 

like. For example, CL of both ea lei te and ferroan dolomite are 
yellow. Therefore, in order to distinguish exactly the carbonate 

•inerals and understand why it is different in CL, it is necessary 

to know their ele•ental co•position by CL in co•bination with 

other techniques. 
' 

So•e 
total ·of 

representative carbonate •inerals have been 

probe 
selected. A 
to measure 46 points are analyzed by electron 

respectively Ca, Mg, Mn and Fe in the 

obtained, and Ca/Mg, Fe/Mn or Mn/Fe and 

calculated respectively. 

ainerals. 184 data 
Fe/Fe+Mg ratio 

are 

are 

Whi .le electron probe performed, X-ray diffraction, atomic 

absorption spectrophotometer, EDS~and CL microscopy analyses are 

also analyzed. The results indicate that the content of the ete•ents 
I 

aentioned above is different in various kinds of carbonate minerals. 
' 

• • 

On the basis of the difference it is indicated that calcite, ferroan 

Ca L c i t t e, d o l o m i t e, f e r r o a 11 d o l o m i t e a11 d a11 k e r i t e may b e 

,d i s t i n g u i s 11 e d and •~h a t t Ja e c o 11 t r o l f a c t or s o r. CL i n t en s i t i e s o f 

various kinds of carbonate minerals may be found . 

• 

• 

STUDY ON THE APPLIED MINERALOGY OF QUARTZ 
'2S:tz_43 SANDSTONE AND ITS APPLICATION 

Zhang Jingwu, Institute of Multipurpose Utilization of Mineral 
. • • 

Resources, "inistry of Geology and Mineral Resources, Emel, Sichuan, 
• 

614200, People's Republic of China 

Quartz sandstone is the main source of siliceous raw materials, but 
in 1ost cases it needs treatment before being used. Longchang quartz 
sandstone mine is a huge deposit of siliceous raw material with 
chemical composition: Si02 97.28%, Al203 1.06%, Fe203 0.391) and Ti02 
0.2491). Only after treatment for reducing the contents of impurities of 
Fe and Ti CFe203<0.1'6, Ti02<0.1%> can it be used as raw material 
for making high-quality plate glass. The ma1n mineral phases in the 
quartz sandstone include quartz, kaolinite, ferrohydrite, hematite, 
magnetite ~ rutiJe,tourmaline and zircon, etc. Here quartz is a valuable 

ineral, while iron and titanium minerals are harmful and must be 
eliminated. Therefore further investigation should be required. 
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The grain size of •inerals mentioned above is in the range of 
0.1-0.001 ••,and it Is further divided into seven grades.The grain size 
distribution and content of each 1ineral ·species in every grade have 
beei studied in detail. The properties of mineral and ore. such as 
specific gravity, specific susceptibility, volu•e specific gravlty,bulk 
specific gravity. coefficient of volu1etric expansion. compression 
strength in different directions and refractoriness have also been 

• 

determined.As the psephicJty of the quartz particle is not perfect, it's 
not suitable to use as the foundry sand of precision castings.There are 
subtle gas or liquid and mineral inclusions in quartz. and alu1iniu1 is 
enriched obviously on the edge of the quartz particle. By agitating and 
scrubbing, the ore can be powdered easily, because the weathering of 
hematite and ferrohydrlte has loosened the ore texture. The sand is In 
fine and medium grained arenaceous texture, base1ent and contact type 
ce1entation, co•pact block structure, brittle and low strenth. Because 
the cementation between mineral particls is not strong, it's easy to be 

~crushed. Further1ore, the mineral grains can be liberated quite easily 
even under action of a weak external force. Hence the sand is easy 
to be treated. 

~renre manner and distribution of Fe and Ti In the original mineral 
. ~rence manner of Fe and Ti F02()3 dlstrlootion Ti<>2 distribution 

(91)) <%> 
1. Fe and Ti within the quartz grains 20.5 31.0 

Fe and Ti iron mineral 23.5 
2. 

minerals rut i le 31.4 
• 

. 

3. Fe and Ti • 
in clay 26.0 .... JT.2 

4. Fe and Ti contmainatoo on the 
quartz surf are • 

~.0 0.4 
• • 

. 

The equilibriu1 coefficients of metal a1ounts of Fe and TI in four 
kinds of occurrence 1anner in the orlgjnal 1ineraJ are 97.396 and 
94.296 respectively. 

According to descriptions as mentioned above and Industrial 
require1ents, the treataent procedure for the sand should be: i1pact 
crushing C-3 11) ~ strong agitation and scrubbing ~ classification 
Co.I 11>.Adopting this procedure,the production cost can be quite low, 
and good results are obtained. At the sa1e tl1e, it prevents the 
original granularity of quartz particles from being over crushed, it is 
beneficial to industrial production and getting high recovery. On the 
other hand, it cuts down the contents of iron and titaniu1 to the 
maximum extent, and Fe and Ti in 2nd , 3rd and 4th occurrence manners 
a~ 1entioned above can be eliminated easily. -

on· the applied mineralogy and the occurrence 1anners of 
iron and . titanium, the theoretical contents of iron and titanium 
in quartz sand concentrate are calculated as Fe203 0.05196, 
Ti02 0.0859'. They are very close to the chemical analysis results of 
the ore dress Ing products: Fe203 0. 055 96 , T I 02 0·. 09 '6 . I t Is proved 
in practice that the ore dressing·flovsheet and the production indexes 
are quite satisfactory, thus 1aking the once large inactive •ine 
Cbecause of high Fe and Ti contents> Into a exploitable mine. 

It is indicated that research results .about applied mineralogy 
• 

• 
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nd occurrence 1anner or ele1ents can be used as the l•portant basis 
or deposit evaluation and ore treat1ent process as well. 

TECHNOLOGICAL M.INERALOGY OF SYNTHETIC BLUE-BLACK 

FUSED ALUMINS 

Zhang Naixian, Guo Jingxiong~ Liang Chunlin, Institute of Geology Academia 

Sinica, People's Republic of China. 
Blue-Black Fused Alumina is electrically fused, using bauxite as a main 

~aw material, and crystallized at high temperature. This is a polyphase abrasive 
material made up of a-corundum, as a predominant cr·ystal phase, and 

hercynite, secondary crystal phase, and is a new product of great hardness, high 

oughness, affinity to water and J1igh refractoriness. 

Based on the appearance, structure and mineral constitute, the welded 
• 

block of BBFA devided obviously into four zones: centrical zone, top zone 

transitional zone and marginal zone4 The petrological features of these zones 
• 

are influenced by composition of the raw materials and technological condition .. 

The main petrological feature as f"ollows: (1), holocrystalline granular texture, . 

porous and compact ... structure; (2), the main mineral compositions consist of 
• 

predominant a-corundum and hercynite, a11d secondary ilmenite, iosiderite, 
• 

mullite and hyalite; (3), the a-corundum is n1ainly euhedral crystal, its shape is 

rhombohedron, tabular and granular. The corundum crystal of the centrical 
• 

zone is the biggest and the most complete. From center to margin, the crystals 
. 

become gradually smaller and smaller. (4), hercynite is a sort of important ac-

cessory mineral. 1 t grows vertically on the face of a-corundum. They appear as 

euhedral, skeleton crystals, and being a cement phase; (5), Ilmenite and 

iosiderite appear as cement phase to fill in the pores of a-corundum aggregates. 

The colour of a-corundum in BBFA is blue-black. It indicates that col­
ouring anions hsve entered into crystal lattice of a-corundum. According to 
ESR spectroscope measurements, Fe3

• and Ti3+ entered into ctystal lattice, and 
Ti3+in lattce is nonhomogeneous. 

Ctystsl structure of a-corundum in centrical zone is complete by electro 
• 

microscope, but the a-corundum ctystsl in transitional zone and marginal zone 

have shown defect including the row of dislocation and layer dislocation and so 
on~ which resulted in colour of a-corundum crystal. crystal cell a. value is pos:­

iti\'·e relation with Ti0?% contents. This indicated that Ti and Fe anion entered 
into corundum lattice. They replaced Al by part or filled in octahedral space or 

formed oxides and appeared as solid solution to fill in lattice. It resulted the 

crystal lattice occurs micro-twisting. The hardness of corundum is in negative 

-225-

• 

• 



relation with Ti0 2 contents. The hercynite crystal devided into two stages in 

grows .. First, it is automorphic crystal of excellent octahedral shape, second, it 

appears as crossed or branched crystals to fill in porous of corundum aggre­

gates. The unit cell a o = 8 .. 172 A, The chemical structural formula is: ·Fei~o ( 

Cao.04M go .. saFe~~s Tio.01 So.01Al1,19)204. 
Based on Mossbauer measurements, Fe locates at tetrahedral site. and the 

value of Q and S are different. The hercynite possesses structute of positive 

spine! type. Meantime, due to secondaty nearer action, it appears as four-polar 

double peak. It indicated, there are two sorts of Fe-0 tetrahedron (A 1-, A 2-) 

which is tiny different in crystal structure. (111) plane net of hercynite and (O 01) 

plane net of corundun1 are close conjunct, because the spacing of (001) plane 
• 

net bet\veen two oxygen atoms for corundum equal to 5,14A and the spacing of 

(111) plane net between two oxygen atoms for hercynite equal to 5,77 A. Both 

values are very similar. Thetefire!' they are easily connected. 

The success of the research of the BB FA have started ·a 11ew way of syn the­

sis of polyphase abrasive material and a new way of con1prehensive using baux­

ite resources. A great deal of secondary degree bauxjte can be used in China. 

~~,Q# 1. THE APPLIED MINERALOGICAL STUDY OF FIBROUS SEPIOLITE IN EAST QINLING,CHINA 

Zhang Shaohua,Zhang Wei, Wang .Lutian 
. 

Geological Institute, National Bureau of Building Material Industry,Beijing, 
• 

100810,China 
The fibrous sepiotite deposits in the East Qingling district are now the 
only fibrous sepiotite on1s that can be ained econoaically in China. For the 
industrial uses, we have, for the first · tiae, systeaatically studied the 
applied mineralogical features. 
1. Che•ical coaposition and crystal che•ical fonaula.The purit1 of fibrous 
sepiolite •ineral for cheaical analysis should be aore than 99-, and be 
checked hy infrared spectral technique.The preparation of sepiolite sample 
is chiefly aade by aanuat •ethod.The purified fibrous sepiolite aineral is 
coaposed of silica,aagnesia and water, for example, The cheaical coaposition 

' 

of the purified fibrous sepioli te aineral<Bw-6) in Sangpin.g, Xixia is SiO. 
< 55. 61"'), NgO< 24. 68>,11.0< 17. 7 2"'), A leO.< 0. 06 l~>t Fe10.< 0. 59"'>, FeO< 0. 22), K,O< 0. 20"), 

• 

N1i0<0.05~),Ca0<0.55"'),S0~0.06~),Mn0<0.013-).lts crystal cheaicat forauta is 1 

< S 1 ... .A lo. .Fe •·a 1) ~ 00< Mg,. .,Fe•·, J e1
• .... Mn.•>, ... o .c a.. 1.K. .Na..• 

The result shows that the fibrous seplolite in the East Qinling district is 
• • 

·of the Mg-rich type. . 
2. X-ray diffraction analysis has been •ade. The X-ray diffraction patterns 
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of fibrous seplolite show that dCllO>=IZ.221A diffraction line is aott 
characteristic, and this kin~ of sepiotite aineral is well-crystallized, 
petyhydrosepiolite. Being heated at 200,300, ...... toorc for 1 hour, the 
saaples were analysed by X-ray diffraction of unit cell parameter show 
that the size of ·unit cell decreases with the Increase of temperature. 
3. lnfrared absorption spectral analysis shows that the stong band in the 
range of 3100-3000ca"1 was due to the 81 in octahedron led to the foaation 

of the absorption peaks ·at 3694and3679ca·•;the vibration of the coordination 
- . 

ater produced the absorption peaks at 3625 and 3535c•-1
; the existence of 

zeolitic water/absorbed water caused the absorption peaks at 3569,3380 and 
3240ca·1

; the absorption band in the field of 1700-1600ca·1 reflected the OH 
bending vibrati~n in t~e coordination water; the absorption band in the 
1300-900t• .. 1region was '"e to Si-0 stretching-contraction vibration1and the 
Si-0 bending vibration resulted in the absorption band in the field of 
600-400cm-1

• After being heated, at 200, JOO, •....• tooo·c for 1 hour the 
specimen showed a series of cl1anges i11 spectrt1m such as amalgamation and 
disappearing,which are the reflection of the existence and activity of water 
of varions states~ 
4. Differential thermal analysis<DTA) has been carried out. In the DIA 
spectrum, the strong endothermic valley in the range of 130-140.C was caused 
by the removal of waters(i.e.absorbed water and zeolitic water) from the 
sepioli te region; and the weak endotJ1ermic val tey< "J98-·401 c, sea·c) was due to 
tl1e removal of crystal water; the endothermic vat ley at770-·841 ·c represented 
the de-J1ydroxyl process of sepiolite;and exothermic peak at 795-855i ·c was . 

' 

produced by the phase change of sepiolite.On the TG curves, the total weight 
loss is .17. 5-20". The weight toss sJ1nrp t~~ increased at 2s - 2oo·c, repres.ent_ing 
the removal of zeolitic water/absorbed water(9-9. ?~);rapidly increased at 
200-400.C,showing tl1e removal of l/2 crystal water(J'6);relatively increased 
at 400-780.C,representing the toss of anotherl/2 crystal water(J.3-3.6~);and 
again sharply increased at 770-841.C,suggesting the removal of hydroxyl 
water(about 2%). . 

• 

5. The electron-microscope study sl1ows that the rhombol1edral ·tattice in 
sepiolite is well developed, crystallized order is very good.There was no 
impurity and any defect in lattice and crystal stock with palygorskite 

• 

mineral and tra·ce transformed sepioli te into other mineral structures. 
6.Study of changes in sepiolite crystal structure at the different grainding 
times have been made . 

• 

7.· After treated with different concentrations .of ·Hcl,NaOH, study of changes 
in sepiolite crystal structure have been made. ·. 
8. Study on practicability of fibrous sepioli1te 
medium have been carried out. 

for cigarette ·filtering 
• 

9. A series 
potential, 
resistance, 

of experiments on tl1e speci fie resistivity, electrodynamic 
• 

tensile strength, specific surf ace area, magnet i~ sil, acid 
alkali resistance, heat resistance, heat conductivity, filtering, 
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cation exchangeability, 
sepiolite have been made 

spec i r·i c gravity 
and obtained a 

and decolouriztion of f ibrous 
large quantity of firsthand data. 

APPROACH TO THE RELATIONSHIP BETWEEN THE CHANGE OF VALENT STATE OF IRON 

Zhang Weishai, Institute of Mining. Beijing Universit~ of Science and 
Technology, · Beijing 100083, People's Republic of China 

• 

• 

• 

Sphalerite is a kind of zinc mineral which often found in 
multimetallic deposit containing Pb and Zn, and whose distribution is very 

··extensive in earth. Because Zn2+and Fe2+ both belong to four coordinati.on 
and are very similar, thus Fe2 in .sphalerite is more easy to replace Zn2 + 
than other elements. So sphalerite usually contains Fe, even over 20%. 

It is sho\\rn that floatation of marmatite is worse than. the common 
sphalerite. Floatation of sphalerite is deteriorates with the increase 
of iron content. Therefore it is very important to study the property of 
floatation of sphalerite and the influence factors. Many factors affect 
floatation of mineral, but influence the nature of surface. is the main • 

• 

I. Distribution of element in sphalerite 

By analysing distribution of element.s in mineral, we can determine 
whether it is of single or mul t 'iple minerals. Aalyt ical results of element 
conce~tration and the scanning map show that distribution of Zn and S is 
uniform_, but that of Fe is not very uniform. This illustrates that 
marmatite is complete single mineral. 

II. The X ray photoelectron spectrum (XPS) study on marmatite 

Mixed samples of sphalerite with different iron contents magnetite 
were studied by XPS at the same condition. Conclusion as follows: 
I. Because of the existence of Fe2 + and Fe3 + in the samples mixing show 
that magnetite with hematite,the XPS analytical results of element Fe in 
samples conclusion are, either the bound energy or the chemical shift 
is the same as in marmatite. Results show the existence of high valent 
iron on the surface of marmatite. 

2. The XPS of marmatite show that the marmatite not only contatins Fe, 
Zn and S, but also oxygen. From this , we consider the ferric oxide 
exists on the surface of marmatite. · 

Ill. Heating experiment on marmatite 
In order to verify, once more, the existence of high valent iron in 

oxide on the surface of marmatite,. we carriedoute two kinds of experiments, 
one is the method of single floatation which only selects sphaler i te and 
oxide it is sho~~ that the effect of mixing is better than the single • 

• 
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Obviously the surface of rich Fe-spbalerite presents the property of oxide, 
the higher the concentration, the more the property exhibits. 

Conclusion: 

Onaccounts of conversion Fe2 + to Fe3~ on the surface of marmtite, 
ttability of surface are clearly differed, thereby resulting is 

. __ .ffeculty of marmtite selection. Applying the method of mixing 
loatation, it would.be much better. · . . 

APPROACH TO THE RELATIONSHIP BETWEEN CONDUCTIVITY AND WETTABILITY OF 
MINERAL . . ?S-. 2 .. ~c.-, 

• 
• 

Zhang Weishai, Institute of Mining, Beijing University of science and 
Technology, Beijing 100083, People's Republic of China 

Usually crystal of mineral' grows more or less in combination with 
impure elements and exhibits defects in different degree .. which effect its 
various properties,, such as specific gravity, magnetism, solubility, 
hardness, wettability of surface, conductivity and so on. There are 
organic inter relations between them. 

When liquidwattaches as on the surface of solid~ it might be in 
various forms_. such as ball, flat and semisphere.· Whichever form it takes, 
their surface tensions are in equilibrium, as showsn in the following: 

·a sA= a SL+ a ALCOS 9 
Where S=Sol id; L=Liquid; A=Air; 9 =contact angle 

• 

Contact angle shows the degree of wettability of liquid on the 
surf ace of sol id. According to the equal ion COS 9 =( o SA- a SL) a LA, we 
can measure the contact angle .with a special·apparatus. If the contact 
angle is large, the mineral is known as hydrophobic mineral. Most part 
of the particle exposes outside of liquid, only a small part left inside. 
When properly sleeted, the ratio of floatation would be large. If the 
contact angle is small, it is known as hydrophilic. When properly selected 
the ratio . of floatalion would be small. Thereore we can use floatation 

• 

ethod to test the contact angle. Experiments were performed with 
Hallimond tube. · 

By the theory of semiconductor, semiconductor conducting by cavity · 
·s called P-type, and that by electron is N-type~ . In fact, there are 
si ultaneously cavities and electrons in a block of semiconductor. If 

e number of cavity is larger than the nllll!ber of electron, it is a P-type, 
erwise, N-type. Experiment~ show that there is not only P-type or 

- ype semiconductor in a mineral, but also N-type and P-type semiconductor 
-oexist in a mineral. For different kinds or the same kind of mineral, 
~ .... ducti \tity may be different. To study these problems is significant 

only in geology and ore deposit but also in the research of wettability 
~· fl oatation of mineral. In aka! ine medium, floataion of electron con-
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ductive N-type mineral is good,but in acidic medium, that of P-type mineral 
is good. · 

• 

On mediun the conception of PH is based on dissociation of water 
·: H2 O.,.H +Off · . 

but (H+) • (Olr)=K(H2 0) 
• 

That means the product of (ff+) and (OH-) is a constant. In the 
. solution with acidic reaction there are more (H~) than (OH-), but with 

alkaline, less (ff+) than (OU-). In alkaline solution. N-type minerals 
form two same kind of solid-liquid semiconductor. · 

· Owing to formation of the same kind of charge or the surface of 
particle which rejects each other, wettability ,is worse, but floatation 
is better. In the acidic medium, minerals form opposite type solid-liquid 
phase semiconductor. in which the opposite charge attracted each other 
occupies the leading place, so that hydrophilicity is good, but floatation 
is bad. As the same reason, in acidic medium, floatation of P-type movement 
is good, but in alkaline medium, floatation is bad. . 

-• 

Usually electrons and cavities move randomly, speed of which even 
up to t.2~<107 cm/sec. Owing to random movement they cancel out each other, 
and the solution forms a kind of energy field. Hence the electrons and 
cavities move reqularly to the surface of mineral. According to the 
statistical results of experiment, resistivity and contact angle can be 
divided into 4 regions: I).Low resistivity with high contact angle, mainly 
including the sulfide mineral. 2).High resistivity with high contact angle, 
mainly the natural sulphur, talc and some minerals wh9se surface are with 
special property; 3). high resistivity with small contact angle, including 
the inorganic mineral with equal ionic bond such as fluorite and calcite; 
4.). High resistivity with very small contact angle. The mentioned above 
illustrates that.except minerals with special surface property and with 
ionic bond in chief, for high resistivity mineral, usually the contact 
angle is small and wettability is good also, but hydrophobility is bad; 
for low resisti'v1 ity mineral, the contact angle is large, wettability is 
bad and hydrophobilily is good, wettability on the surface of mineral and 
conductivity depend on the crystalline structure and impure elements and · 
etc. Thus much attention :should be paid to research and analysis, surface 
wettability and conductivity of mineral so as to promote ·the development 
of f I oat at ion art • , · 

• 

MINERALOGICAL INVESTIGATION IN TECHNOGICAL PROCESSING OF LIGHT ROASTING-­
MAGNETIC SEPERATION-COMPREHENSIVE UTILIZATION FOR MEISAN'S FINE TAILINGS 

• 

Zh~ng W~ishai; ~hao Wanzhi; Wu Guoyu. Institute of Mining, Beingjing 
Un1vers1ty of Science and Technology, Beiingjing 100083, P.R.C 

• 

. ~eisan's tail!n~s di~ide usually into two sorts: dry and wet, 
part1~le size of dry. ta1l1~gs 1s 0.5-~mm, which used in making building 
material. The particle size of the wet is 0-0.5mm, which exhausted into 
the tailing dam by clurnper. 
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By means ·or the new art of light roasting-magnetic seperat ion--compre­
hensive treatment, iron ore in .Meisan's f ine tailings can be recovered, 
thereby effectively reducing iron grade in tailings. The tailings then be 
made into a lot of building materials Hedce Meisan's fine tailings can be 
converted into valuable resource. The reason is that we designed a valid 
technologecal f lo~sheet according to the feat_ure of ore processed. In 
order to sufficiently recover and utilize the tail1ngs, the process miner­
alogical research should be paid attention. 

A. THE FEATURE OF MINERAL COMPOSITION OF MEISAN'S FINE TAILINGS 
' 

• 
. 

1. Ferric carbonate is the main mineral. 
Concentration of TFe is 23.4"1 which indicates lean iron ore. 

Concentration of carbonate is ttp to 40,{, among them that of sider ite is 
_up to 50%, which indicates that high iron is due to the existence of 
-magnetite and siderite. 

2. Ignition loss is large, concentration of kaolinite is high 
Ignition loss of Meisan's fine tailings is up to 13%. Concentration 

of clay such as kaolinite is up to 13%. . 

B. PR.OPER.TY OF THE PROCESSED MINERAL IN THE ROASTING PROCEDURE 
• 

• 

Meisan's fine tailings contain a lot of siderite, magnetite and 
kaolinite. When heating to 600° or so, kaolinite becomes uncrystallized 
promullite. The reaction is s follows: . 

Al2 03 • 2Si02 · 2H2 0 A12 03 • 2Si02 +2H2 0 
As the uncrystallized promullite has activity, the tailings after 

ligh--roasting has a good coagulability. But heating at low temperature 
siderite decamp s d and then becomes magnetite as follows: 

FeC03 ag,- ·eo+C02 i · : • 

6Fe0+02 ~2Fe3 04 
• 

• 

Therefore quality of tailing improved and the quantity reduced. 
· 1. Roasting temperature and activity 

There are a lot of clay such as kaolinite in the tailings, which 
has good activity, while roasting the from 6oo·c to 1oo·c. 

2. Variation of weightless rate with the roasting temperature. 
Tbe weight less rate is an important property of tai 1 ings_, which 

influences the quantity of tailings. The weightless rate of Meisan's 
fine tailings increases with the increase of roasting temperature. When 
the temperature is about goo·c, the weightless rate sharply increases, 
because a lot of carbonate decomposed after 9oo·c. 

3. Rcasting temperature and conversion ratio of siderite 
The conversion ratio of siderite can be determined from the analytical 

result of magnetism VS roasting temperature. When the roasting temperature 
is 6oo·c, it indicates the concentrat.ion of Fe3 04 is maximum. It is 

-l1ighest that the ratio of siderite changed'i·nto-Fe3 04 • 

4. Roasting time and the coversion ratio of siderite 
Magnetism and concentration of iron VZ roasting time at 1oo·c when 

the roasting time is 30 minutes, the concentration of iron in tailings is 
the highest. Magnetism attains the maximum strength, the conversion ratio 

• 
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• 

• 

of siderite is the highest also • . 
5. Roasting time and activity 

· Compression strength of samples at the same formation condition 
increaces with the increaces of time • 

• 

6. Change of tailings with the roasting temperature 
In order to explain· the change of minerals in different roasting with 

the roasting temperatures, we did the thermal analysis, X-ray diffraction 
·of tailings in different roasting temperatures and X-ray diffraction of 
clay (particle size less than 0,05mm.) Results reveal that, 1) the loss 
of weight of tailings are higher at 400-578.Cand 650-80o·c,2) The spectra 
of magnetite still exhibits at 95o·c, which indicates that it remains 
ltnchanged. Bt1t at 6oo·c, the main peak 2. 798 of siderite disappeared and 
the main peak 2.77 of calcite became weaker. It also shows that calcite 
had partially decomposed and side.rite .almost decomposed at soo·c during 
rtJasting. 3) At 7oo·c the peaks of kaolinite disappeared which re\1eals . 
thnt kaolinite all have converted to uncrystallized prornullite. -

Finally we draw the following conclutino: 
Meisan's fine tailings belongs to the type of ferric-carbonate-clay. 

Roasting at £00-700°C and keeping 30 minutes, siderite have almost convert­
ed to magnetite the property of tailings have got a big change, the activety 
is the best, as known.. "I ight-roast ing act iyat ion ". . Results reveal that 
the light-roa.sting tailings give a possibilities of comprehensive recovery 
of iron resources a favorable condition for comprehensive utilization • 

... 

THE APPLICATION OF MINERAL IN SOME FIELDS OF 
ECONOMY AND TECHNOLOGY 

' 

2Jian1 Yen, Tianjin Geolo1ical Acade111y of M .M.I., TUmjin 300061, China. 

1.M ineral 1eocbe••1i1try and metallur1lcal technique 

In the treatment ofmebll ore1 mineral c:ompOlidoa and che11•k:al bcbavlor of ele••1ents 

hive direct influence on metallu111iclll technique and the products Oncludln1 wastes). On 

die balls or traditional method e111ployed ia the meblllllf'IJ or bausite ore, the tecbniq ue or 
. 

adding Ume Is worldwidcly used to lncraae leachln1 out aluminium. To make further im· 

prove111ent of the treatment, the method lellcblo1 out AL from bauaite ore la •lkaHne solu. 

don under hlah peratuR and hiah prtuure ••• carried out in China, but it ••• 

unaucce11ful due to block•&e in the prebeater'• tubln1 bJ TI, Ii sinter• whidi resulted. 

from Ti, Sl, Ca, M1.. Al, Na in the ore minerals under certain physico-chE111lcal 

mndition1. The aim of this p11per i1 to 10lve the problc•11. Fint, the occurrence of Ti was 

fbund as rutile, anataae.. ilmenite and sphene, 1111d that of SI as kaoHnite. 

hydrokaolinite, qu.artz .. aericite and chlorite. F11rther more, three new mineral pha1e1 de-
. 

rived from them in the difter~nt stages or wet met11llut11 were identlfted as Na20 • ALp, • 

J.7Si02 • nH20 .. Nap• 3TI02 • 2.5Bp and (Ca .. Ma) O.TiOrnBp. The11 the 

phylico-Chunk:lll pl'OCZIS or dillolution, mlantion and pnclpitlldoll or the millerals •ad 
• 
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elements durln1 treabDent wa1 simulated by blah T.P.experiment ul2d In mlilend 

..,och~n1ic•l test. A.1 • result p I ••• made to pat seweral hiah-pre11ure tanks in dif. 

li:rcnt T.P.ranaes Cor preventing preheat tube'• block, and • new technolo1iclll proce11 in 
-

Which a.o llddldon of lime are attllined ••• put forwud .. This tecbnoloay can. thoro111hly 

overcome the problrm Fncradn1 a larp quantity of Ti sinter by the refractory new mineral 

phase from Ca. TI In Ore.. At the 1111De time leached out AL-0 CllD. reach the Industrial 

lhlndard. 

2.Mineral physics and 1e1••ote 1enlin1 ta:hnolou. 
' 

The mineral physics, npecially, the study or electro-ma9netic wave or minerals is ben .. 

ef'u:ial for the further applh:atioo. of re•11ote sen1i111 technique in the earth 1cie••ce, 1eolo1i. 

cB1 prospectin1 and other tlelds. Some cbaracten or the vlsible-infran:d reOected spectrum 

of minerals can be used to e~bance the sateWte imaaea and raise their detecdvity. At cermin 

1empen1ture rau1e, the ther1nal eminion propert1 of peb:omineral ll related to their chemi-
• 

ad composition and structure. Under .certain condition, dielectric constant of mineral and 

rock in the microwave frequency ls correipondln& to the data of briptntss te111perature 

measured by microwave radiometer. The thar11aal p11r•••1eter of minerls now is uaed to 

martins the1111al inertia. In 9enenal, ph,lical character of mineral and rock and their 
• 

dectro-ma1netic spectral data •re a valuable part of fundamental parameter for every 
• 

stase of re111otie stnsin9, such as technical method, ground spectral measure in the field, 
• 

space detectin1 and treatment of re•note 1enlin1 information in the laboratory . 
• 

3.Syiithesis or minerals and tecbnolosical ma~rial. 

U tilizatlon of chemical compolidon of mineral hu • Iona history, but study and 11ppJi. 

mtion of their physical properties l\\Ch aa infnared, semiconduction, microwave, illuminm. 
. . 

don, piezoelectricity, dieclectrlc etc.r~11•ain1 Inadequate. Uae of some natur11~ minerals •1 
• 

new types of heat-proof and microwave dielcctrical materl•I• has developed in China for 

iectnt years. Ach-&:ivc111ent1 have made in synthesis and artificial srowing of some mineral 
• 

• 

materials with physical property of superhardne11, piezoelectricity and infrared. Baaed on 
. 

characteristic of types I a· I .,.n ... II i,of natural diamond and occurrence of nitroaen in it 

( " small flake• nitro1en and diaperled paramagnetic nitrogen) an ameliorative 

technolo9y was put forward ( lncludins filterin1 N into synthetic materials, addin1 Co 

powder, improving preaaure material, synthetic pressure, te111perature, time and proportion 
. 

of composition) , an~ the quality, output and 9rainine1s or the synthesized dhlmond were 

increased. Therefore, study of condition1 under which natural· minerals are ·formed, their 

composition, structures and mineral syntheses is lianiticant to development of some 

technological materials. 

•.Mineral •nd Chinese medicine. 

A rc111arkabb: proaren in the study and appUcation or minerals in Chinese medicine 
\ 

bas made in 1CJCCnt y~n. Coa.fusioa oC IOl••e miaer11l medicines is found Jet. For eXample, 
. . . 

the ·chinese traditional medicine or Banshuishi some one desipate it as 11psum, while the 

othen take it •• c•k:lte; and Zlsb.iyin1 ii domln•ted b' ftuorim in Chinese medicinal lb.ops.. 
• 
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Accordln1 to the ch•nactea dacribed In the book of • Chine• M•teri• Medic•• 

well-k_11ow11 over world, the •athor •11w with th•t H•lllhuilhi lhould be wllrthite; Zi1biJ· 
• 

_Ins, amethyst. In ~c:oo~ance ~ith the ~MR •e . m, the upsam.ln l Une width 

~ B • 11.IG) 1111.d al'e9 is •'•t•ller th1111 the warthite ~ H • 13.W). To increae the value of 
. 

mineral medicine, bioahe111iclil and phyeic•l etTeut or minerals 1111d. mlcroel1111eats conmined 
• 

• 

on humaD body are yet left to be ezple>nd and revealed . 

• 

~0~ ~-~~- .APPLICATION OF ~1INERALS FOR DEllTAL PORCELAill 

• 

I . 

Zhao Liangchao,Wen Xianglin andHu Ya-an.Jilin insti-
tute of geolog;ical sciences.30, Kuan Ping ro·ad,Chang-
chun,China. · 
Huang Kegui,Changchun hospital of air force.1 Nan Hu 
road,Changchun,China. 

I 

The dental porcelain is a repair materials fo~ den­
tal prosthetics.It is essentially a glassy ceramics of 
the BiO.i -Al2 o, -R20 system in which the le11ci te presents 
as crystalline phase.In general,It consists of opaquers, 
body porcelains and ~nc~sal porcelains.Three porcelain 
powders are in turn welded on the casting metal crown 
of the Ni-Or-Mo alloy.This low melting porcelain is de-

.veloped recently at abroad.A native dental porcelains 
have not been offered now at the market at home.We have 
accomplished the investic;ati,on and production of dental 
porcelains, and provide 32 opaquers and. 3? body· porce­
lains according to the difference of tooth color. 

Because the leucites have hi~her thermal expansion 
and its suitable optical property,it is selected as a 
raw mat~rial of dental porcelains.Sufficient natural 
leucites,however,are not found in natt1re in China.The 
artifieal leucit~s have been synthesized in the labora­
tory, based on''FAK method''desir.;ned by ourselves.The re­
sultant J.eucites occ11r as R E~phere crystals about 0.01 
mm in diameter under microscope. 

A special glass containi.nr; a great many of potassit1m 
has been made from feldspRrs and fluxes.The internal 

• 

stress in the glAss has been eliminated due to subject 
to annealing in water.This glass i3 one of most . impor~ 
tant componen·t; of dental l)Orcclain,and is ground. into 
fine powd.er of 5-100pm particles.It is a key that this 
.component assures the dental porcelain to produce su­
perior modelling properties and solid dimensional sta­
bility both during and after firing.The technology 
fiow of the smeltin~ ~lass are completed. 

An abundant J{nowledc;e . in rnineralogy is combined vJi th 
more th·an thousand stain tes:ts to study successfully 
the pigments:the artifical pigments are substituted by 
the natural. It is tl1e first time in. the world that the -

• 
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_~tur&l minerals as colorant were used in dental por­
elain, and it iE> of a import ant contribt1tion for the 
ental materials.Six grol1p of colors of natural mi­

~erals are selected,and t h ey further are divided into . 
2 colors accordinc to a ~rade of color. 

The glass powders are ad.rnixed with the leucite,emul-
i fier and colorant as their proportion.Thus the re­

sultant admixtures become the dentaJ. porcelain product. 
he determination of a physial function shown that the 
inear cofficient· of thermal expansion,hardness,impact 

s trength and frittine temperature of dental porcelin 
eet the · demand of the design. · 

• • • • The further discussion is as follows: 
1. The feldspars as raw materials both artifical leu­

cite alld glass are about 80% total composition of den­
tal porcelain.The experiment of clinical treatment 
shown that low tempurature ordering max.Microclase,and 
no exsolution phase and sm8ll Fe,Ti elements in it, is 
most suitable as raw materials for their preparation. 
The ·selected. K-rich feldspars arc of very importance 
for lreeping b1.1il t shape of tooth re form to prevent pla­
stic flow durin~ hi.gh temperature. 

2. A fri tting . te1nperature of dental porcelain is mo~ 
stly rlependent upon the composition of ~lHss and. the 
coniltent of le11ci te. The experiment sho\m. that the fri t­
ting temperat11re vr:> the content of leuci tes have indi­
cated a excellent J_iner relR.tionahip.'rl1e content of 
le11ci tes ih d.(~ntaJ. porcelain has 01·)viol1sly in·f.luence 
on tl1e !transparenC:)' of p·orcelain tooth. 

3, It is very difficulty that the color,transparency 
and ~strength o.f porce.lain tooth are equal with neigh.- · 
boring tooth, l)11t it is not imposs:i_hle .Ov1ing to our suc­
cessfully prepared the le11ci te ,r;lass and. coJ.orant·, espe­
cially mineral colorant.The difficult task was fulfil­
led.Many minerals with ~olor may be used as colorant. 
It is,however, absolute prerequistite that natural mi­
nerals possess the structure of spinal type,of sphene · 
type and of garnet tYI)e, Bncl do not have discoloration 
during hie;h temperat11re. . 

• 

• 

COMPREHENCIVE UTILIZATION OF TITANIUM SLAG THE RECOVERY OF Fe & Ti AND 
THE UTILIZATION OF THE REMAINS • 

Zhao Wanzhi; Cao Zhenyuan; Wang Xiuwen Univ. of Sci. & Tech. of 
Beijing, Beijing· 100083, P.R.C 

Iron Plant of the Panzhihua Iron and Steel Company, 
about 3 million metric tons of titanium slag each year. . . -
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• 

characteristics of the slag. One is the high output, the proportion of 
slag to iron is 0.8--0.9, 1 to 2 times higher than that of other blast 
furnaces in China. The other is the high content of Ti02 , 16-25%. How 
can we handle ·the slag? This is the main diffculty that troubles the 
company. This is due to the fact that as steel production is developing 
increasingly, the output of the slag increases with the yield of iron, 
Now .• the volume of slag dump located near the Jinsha River is supersatu­
~ated. To open a new slag field is a formidable and expensive construc-
tion since Panzhihua is of unfavorable geographical condition. Hence, 
development of Fe & Ti recovery, and its comprehensive utilization is a 
very urgent task in aiming at the prolongation of the existing dump 
service, this paper is to select the corresponding dressing process for 
recovery of Fe & Ti and make use of remained slag as raw materials for 
production of a series of building materials. On the basis of chemical 

~and mineral composition and their characteristics • 
• 

1. Iron exists both in the form of element and compound in the slag. 
The solid solution of titano-iron spinel and small iron balls are worthy 
to recovery. Iron balls, which are always covered with nitride titanium 
and carbide titanium on the surface, are ill distributed, and differ in 
size. Such a process of nGrinding-classif ication-magnetic separationn can 
effectively separate iron and other composition ( ~ TFe 80%, e TFe 77%, 
y 18%). 

f 

2. There is a relationship between the contents of Ti02 and FeO. 
The content of titanium increases with iron, when TFe is below 10%. But 
it drops rapidly as iron surpasses 10%. The basicity~of slag has influ­
ence on the contents of titanium. The high the basicity increases, the 
more titanium and perofskite exist in slag and vice versa. Anolite only 
exists in low basic slag. Raising the basicity, perofskites are formed 
from the reaction between anolite and CaO. 

After the magnetic separation, the tailings are re-grinded to -400 
. mesh. About 80% of perofskite is cloven .with other minerals in this case 

and can be separated by floatation process. It is simple in· construction 
and suitable for industrial purpose. ( f3 Ti02 30%, e Ti02 78%). 

3. The remains of the floatation process, most of which are .silicate 
minerals of titanium, are very fine and inactive in chemical property. 
Adding some binder and admixture, they can be pressed into colour tiles, 
floor tiles etc. 

This can not 
a I o t of ta i I i 11gs, 
contamination. 

only convert waste into utility, but also make use of 
thereoy resulting in renovating environmental 

• 
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I NVE,ST I GA T I ON ON PHASE CHANG I NG PROCE.:'~> 

OF DIRECT REDUCTION FOR OXI DI ZING PEJ.I.ECT 
• 

OF TITANOMAGNETITE 

Zhou Ylxin and Zhang Keren, the Institute of "ulttpurpose Utilization 
of Mineral Resources of Ministry of Geology and Mineral Resources, 
Emel, Sichuan , 61.4200, People's Republic of China 

The phase of iron-titanium oxides in oxidizing pellets of tltano­
magnetite Cconcentrate> from Pan-Xi district, Sichuan, China, Is 
almost single titanohematite, and is only a small amount of 
pseudobrooklte <Fe2TIOs ). Titnaohematlte is a complex solid solution, 
with main components of Fe203 and Ti02, and with chemical formulas in 
i dea I form : x (,Fe , Mg > T i o 3 • c 1 - x > F e20 3 , here x = 0 • 3 ± . 

The reduction of oxidizing pellets is 1ajnJy the reduction 
of the titanohematite. In reduction processes, again formated two 
phases of 1agnes l um - bearing u l vosp 1 ne I [ (Fe, J1g > 2 T i 04 J and 
magnesium - bearing i I men i te [ (Fe, ttg) Ti 03 J • wh i eh are s i mi I ar to 
original ore in composition and difficultly farther reduced. 

Table phase changing process of direct reduction . 
for oxidizing pellet or · titano•agnetlte 

_____ n_lffi_: Chanical Roouct ion : explainat ion 
f .-------.----------,------------

: 5 [x(Fe,Kg)T i03 • c 1-x>Fe2D31+2CO- ... !ha•at i te molecu lffi in t t tanohaaa-
: : t i teCss> is f irsty roouced to 

• 

1 
: !to tita tJteC ) 

___ ! +~yTI02+2yC02 ! ·c±- 800.C±) 
, . 
! : magnetite tao locu les in titan , &-
'lyCFe,)fgJ2 TiOc • < l-y>F030t J+Ifl) ... : t iteCSSl is roouced to wust ites( 00) 
: . :then converoo to ;agnesium-be1lring' 
: p (Fe,Mg>2TJ04+3pFeO+ pC02 :uJvoopinel • 
: · ; < 1050·c -1100·c+) 

2 
• 

------. .---------------------------
: : most of wust i tesCFeOl is redl1(8j 
• qCO-•qFe+qC02 :into a-Fe, and small t 
: p Fa>+ : caabill81 WI th r i te 
: < p- q) F02 T iOs .. : <F02T 105> , then converoo to 

3 

t ( p-q) Fes TiOa :titan tlteCSS) 
------·-------------------------· I , ,---------------,-------------

4 

: (n1Fe. nl'lg)2 TI04+ qCO .. :a ~rt of FeO in 1agnesium-be1lring 
!uJvoopinel is redUCOO into a -Fe, 

: [ < m- q >Fe, n Jtgl 2 T 104 : when ttgo rontent increasa>, then 
: : gi:'adu l I y convert oo to re i c - Mg 
' • 

, +l/2qT102+ qFe+ qC02 :ulvospinel. ------· ' .-----------------------.----------------------------
: lCm-q>Fe,n"812TiOt+QTi02+q'm- .. :FeO in rech-"8 ulvospinel is cont i-
. :nous I rooucOO, when < ~, >+n=l+q 
~ ( l+ q) [( m- q - q 'lFe, nHg] i \03 ~and w th excess of T i02, t conver-
: +q'Fe+q'Clh : too to magrimitm-tmring ilmenite. 

--------------------------------· t .----------------------------

5 

: : F~ in ·magnesium - be1lring ilmenite 
: [ Cm-q-q, >Fe, nttg] Ti 03 + q'' co t IS cont I nous l r with 

: c -q '-q'' >+n= .5 then ronvertoo 
: to erro-tmrt karrookite 
: <"'" 1 ·c ± > 

6 I 

: 1/2 [Cm-q-q'-q'' lFe,nttg] Ti 
! +q'' Fe+q'' l'V"t.. 
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Consequently it appears very complex law of step by step reduction as 
compared with common iron ores. 

Using microssopical •ethod to compare the observing results of 
·Pel Jets with different metallic rates which are produced by direct 
reduction with (solid or · gas) reduction agents, the phase changing 
process are found out (see table>. It's characteristics are as 
f 011 ow: 

1. Without independent hematite CFe203 > and magnetite Cfe304 > In 
pellets, as a result lack of «free» FeO in it, so the difficulties 
of peJlets reduction increase step by step in the whole process, the 
final residues w i I I be ferro - bear l ng Karroo i te or ferro - bearing 
magnesoanosovite [CFe,Mg>Ti20s J which can not be directly reduced. 

2. The results of chemical analyses and calculations indicate that 
at the end of chemical react ion (3), metal I ic rate of pei l.ets possibly 
reaches to 64% ±, in react ion (5) 1ay reach to 83% ± .and in react ion 
{6) probab 1 y to maxi mum 92%' ± . . 

3. Tt1e reaction Cl-5> has progressed in background of original 
grains. metallic iron grainswith thesize of lµm±. when the 
reaction ro) begins grains boundaries gradully dlssappear, 1etalllc 
iron grains will incrense to 1-3µ11+, then up to 10µ,m+. and may 
appear as irregular crystal stock of various forms. 

... 

• 

• 

• 

• 
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ORE MINERALOGY 

PROPERTIES AND TEXTURES OF ORE MINERALS IN BACCU LOCCI 
(SE SARDINIA, ITALY) MINERAL DEPOSIT AND THEIR GENETIC 
RELEVANCE. 
F.Bakos, G.Carcangiu, A.Mazzella, E.Pani, R.G.Valera -
Istituto di Giacimenti Minerari, Piazza d'Armi, 09123 
Cagliari, Italy. 
The Baccu Locci mineral deposit is the result of a 
complex genetic evolution, proved by the coexistence 
of stratabound concentrations and discordant veins. 
1) The concordant orebodies contain arsenopyrite, 
pyrite, pyrrhotite, chalcopyrite, sfalerite, galena, 
bedded in r ·oughly alternating layers, lenses and 
nodules, according to the general texture of the 
metasedimentary host rock. Arsenopyrite occurs either 

• 

as hydioblasts in the host rock, or as euhedral .... 

crystals in groups or masses. Pyrite· is also abundant, 
pyrrhotite less frequent with pentlandite exsolution 
flames. Chalcopyrite and sfalerite belong to a late 
stage of the crystallization and show mutual 
exsolutions: sfalerite starlets in chalcopyrite, 
chalcopyrite droplets in sfalerite, dispersed // to 
crystallographic directions. Galena is last, anhedral 
among other sulfides, often intergrown with fibrous 
silicates. All the · characters, namely: . mineral 
association, exsolutions, intergrowth sulfide -
silicates, microbrecciation of the former sulfides, 
bed9eq texture, point to the evolution of an original 
deposit (protore) through the influence of the 
Hercynian regional metamorphism, responsible of a low 
grade greenschists facies in the area. The layered 
sulfide mineralization was deformed, mobilized and 
recrystallized during different tectonometamorphic 
events .. 
2) The discordant veins and lenses, locally associated 
with lamprophyres of the late Hercynian magmatism, are 
characterized by a low temperature, last phase Au-Ag 
and sulphasalts mineralization, concluding a former 
stage of higher temperature. The mineral association 
is therefore given by t~o main groups, whose 
deposition was separated by intermineralizing 
movements. The first group includes quartz I, pyrite 

• 
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I, pyrrhotite with abundant intermediate products, 
sf al er i te I, . chalcopyr i te I, galena I. The second 

• 

group is represented by quartz II, chalcopyrite II-
III, sfalerite II, .galena II, antimonite, electrum, 
meneghinite, bournonite, freibergite, boulangerite, 

• 

stylotipite, accompanied by calcite garlands. These 
minerals fill, as late inclusions, all the open spaces 
and fractures of the former minerals. Au-Ag are mainly 
bound to chalcopyrite - freibergite; Sb suddenly 
appears, .playing an important rOle in the formation of 
large variety of sulphosalts. Typical textures 
describe the evolution of the last mineralizing 
process. The early sfalerite shows chalcopyrite 
unmixing segregations dispersed along t 'he grain 
boundaries, as ·· imtergranu lar films'' ( Ramdohr, 1980). 
~Tiny and rare sfalerite stars in chalcopyrite II may 
be referred to as inclusions due to a rapid process of 
crystallization (Marignac, 1989). High speed of 
crystallization, together with a sudden drop of 
temperature ·and the appearance of Sb, Au and Ag is 
testified by the sulphosalts, whose random association 
and spatial relations probably depend on very· variable 
local equilibria. Also the widely observed myrmekitic 
intergrowths, particularly bournonite-galena, are to 
be considered as the result of decomposition of early 
compounds and solid solutions. Electrum (Ag up to 50%) 
is chiefly associated with chalcopyrite III, but its 
deposition is continuous until the end of the 
mineralizing process~ occurring also together with the 
sulfosalts. 
This study 
Council of 
Geominerari 
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was performed with grants of the Italian 
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nonI, R COllPUTER-S . TED SYSTEll FOR 
IDEHTIFICRTIOll OF ORE lllllERll1 S BY llEllllS OF 
lmJ TITRTIUE PROPERTIES 

H_-J_ Bernhardt, Institut fur Mineralogie 
Ruhr-Uniuersitat, 1630 Bochurt, rRG 

• 
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Hll1I <Hicroscopic Ore Mineral Identific•tion Systen>, 
a c011puter-supported systen for ore nineral 
identification, which cortbines the use of quantitatiue 
data and q1•ali tatiue properties in deternination, is 
presented for discussion. 

In a data base, spectral reflectance curues, color 
ualues and Uickers hardness nurtbers are stored for the 
uari ous Minerals as well as al 1 q• •al i tati ue properties 
of interest for identification which can be observed 
with the reflecting polarizing fticroscope~ In addition 

general data (e_g_ inforraation on crystal systeM 
or chenical cortposition> are stored_ A set of 
classification terns for all properties (e.g. colors> 
was deueloped. Intensities <e.g. for anisotropy, color 
etc_), relations (Mineral A coMpared to Mineral B> or 
frequencies are classified in a 7 step scale_ If a 

• 

nineral can show a property in uarious ways, this 
infor...ation can also be stored. All data are conuerted 
to a nUMerical code fron which it is possible to 
generate a conplete ftineral description in plain text, 
thus largely avoiding the use of descriptive tables . or 
textbooks. · . 

The user May choose the deterMination criteria and 
their order. - ror excanple it is possible to work 
~ortpletely without quantitatiue data or to rely solely 
upon then. 

The identification is nade in two steps• starting with 
• 

all stored Minerals, those are excluded which haue an 
inconpatible "atch with the observed properties of the 
unknown t'tineral. lnc0t1patible neans the neasured 
ualues do not fall within the allowed data ranges 
(including errors>,· or the observations are 
inconsistend with the storced classes of frequencies 
<always or neuer present> or intensities <not present 
or extre"ely strong). for the reraaining Minerals, the 
sinilarities between "easured and stored reflectance 
curues can be deternined. In addition, the "atches of 
obserued qualitatiue properties with the stored data 
are judged in a nanner, which sinulate the line of 
reasoning of a trained nicroscopist. ~or each 
property. -a value is coraputed that depends on the 
differences in class n•JMbers and an individual 
weighting factor_ The result is a list of possible 
ninerals, conbined with the nean ualues of the r.atch 
ct•nputations .. 

Uhile 
largely 
beeing 

the "quanti tatiue part•• of the systen ha~ 

been ·tested. the "q•1al ti tatiue part• is still 
developed in order to optinize the judgerient 

-241-
• 



algorisns _ The syste1t is 
on a Hewlett-Packard 9816 

structures and 
HP-BASIC, it runs 

•• 

• 

prograrsned 
cortputer_ 

in 

. \~ NATIVE GOLD IN GOLD DEPOSITS OF CHINA 

• • 

Cai Changjin, Gold Geolo2ical Research Institute,Langfan2, Hebei, China. 

· Native 20Id is the most major economic gold mineral in gold deposits of China. Na-
• 

tive 2oldfields in some 20Id deposits of China have been studied recently by present au-
• 

thor and the research results are discussed briefly as follows. 
• 

Chemical composition: Au. l\.1any analytic results show that native gold is rarely 

pure, 2enerally contains some Ag. The Au-Ag series, as judged by composition,is com-

pletely continuous. According to the content of Au and Ag,this series may be divided into 
• 

four subspecies: native gold (Au 100- > 80% , Ag 0- < 20°/o }, electrum (Au 

80-> SO%,A2 20-< 50%). Kustelite (Au S0-20% , Ag 50-80o/o), native silver 
• 

(Au<20-0%, A2>80-100°/o). The analytic data also shows the presence of the follow­

ing elements: platinum family elements, Cu, Hg, Bi, Sb, Cr, Fe, etc. These elements 2en­

erally are less than O.On8/o. But in some gold deposits some elements may have higher 

contents. 
• 

X-ray powder pattern and unit cell. parameter: the strongest lines of powder pattern 

are 2.3547-2.3500(10)(111 ), 2.0394-2.0359( 4-5)(200), 1.4423-1.4407 (3-5)(220), ... 

1.2300-1.2289(3-4)(311). The unit c;ell parameter(a0) is 4.0789-4.0781A. With an in-
• 

crease of A2 content in Au-Ag series, a0values decrease(gold-electrum) at first, and 
• 

then ·increase ( electr11m-silver ). 

Morphology: the crystals with good crystal form are uncommon, but are observed 

nearly in all gold deposits investigated. According to the observations done with scan­

ning electron microscope, the crystals of simple form such as cube, octahedron, 

terahedron etc. are rare and mostly arc combinations consistin2 of two or more simple 
• 

forms. The complete idiomorphic crystals are uncommon, mostly are hypidiomorphic 

crystals with partly developed and distorted crystal faces. The growth striation, setchcd 

holes and overgrowth crystals etc. are observed on the crystal faces. The twin crystals, 

twilings, trillings etc. are observed, but the most common morphology is var;ous 
• . . 

polycrystalline ag21egates. There is a great variation in grain size Qf gold. 

Main physical properties : both the colour and streak of pure native gold is deep 

golden yellow, the measured value of density is 18.9g/ cm3(contains Au99.55 wet.% 

, Ag 0.45 wet• %). VHN = 39.5-103.3 kg I mm2
, avera2ing 70.6 kg/ mm2.Witb an 

increase of A2 content, the colour and streak change J?radually from deep to light 

yellow, the density decreases linearly with increase of Ag%, the VHN firstly increases 

(gold-electrum) and then decreases (electrum-silver). 

Optical property: in reflected light, isotropic. The r.cflectin2 colour of pure native 
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2old is deep KOiden yellow and varies to light yellow with an increase of Ag content. The 

reflectivity and the colour index of the native gold of various compositions in 40S-700nm 
• 

of several wavelen2thes have been measured and calculated. The reflectivities(%) and 

colour index of pure native gold(Au 100°/o) are respectively: 34.43(405), 35.40(436), 

38.0(480), 65.33 (426), 75.00(546), 83.85(589), 86.80(644), 89.20(656), 86.32(700nm); 
• 

Rvis = 74.26%, x = 0.4038, y = 0.3978, ACX= 579nm, Pe = 0.3991. 
• 

Inclusion study: native gold often contains various kinds of solid mineral inclusions 

and gas-phase inclusions as H 20, C02 etc. The commonly observed mineral inclusions 

are such sulfides as pyrite, such tellurides as altaite and the nonmetallic minerals as 
' 

quartz etc ... The results of thermometric measurements for native gold from 6 mines by 

burst method show that there are 2-3 ranges of burst temperature: mainly b~tlvccn 

315 ° -375t, secondly between 254 ° -286t. There is also a range of burst tempera­

ture between 123-188t in some deposits. 

Occurrence and association: native 2old may occur almost in all types of gold de­

posits and is always the main industrial 2old mineral in most gold deposits. Aecordin2 to 

origin, the gold deposits of China are mainly ma2matic hydrothermal and metamorphic 

hydrothermal. Volcanic and subvolcanic hydrothermal and under2round 

hydrothermal(brine) leaching 2old deposits have recently been discovered one after an-
• 

• 

other in China, and displayed a good prospecting. Placer gold is also one of the impor-

tant types. -

The a~ociated minerals of native gold are various, the most common and closest 

are pyrite, electrum and quartz e~·c •• The property and mineral a~ociation of native gold 

in different types of gold deposits display certain differences. 

A STUDY OF METACINNABARITE AND TIEMANNITE 
FROM ZONE OF MERCURY ORE DEPOSITS IN HUNAN 
ANDGUIZHOU • 

Chen Dian.~n and Sun Shuqiong, Institute of mineral Deposits, Chinese 
Academy o.f Geological Sciences, Be~jng 100037 Peopl,e's Republic of 
China 

Metacinnabarite and tiemannite are two end members in HgS HgSe 

isomorphous series. The metacinnabaritc occurs in quartz veins, carbonate veins 

and dolomite-quartz miarolitic cavities in Dadong1a, Zhifang and Chatian mer­

cury ore deposits. The tiemannite occurs in altered quartzite around Xinhuang 
mercury ore deposit. 

Commonly selenium and zinc substitut respectively for a part of sulfur 

and mercury in metacinnabarite. The metacinnabarite from the Dadongla mer-
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• 

cury deposit has the highest selenium content (1 2 % ). The metacinnabarite 

from the Chatian mercury deposit generally contains abundant zinc (5.7 

6. 7 5 o/o ), therefore, guadalcazarite, a variety of metacinnabarite, formed . 
• 

Tiemannite is different from metacinnabarite in isomorphous replacement. 

Usually a little sulfur substitutes for selenium in tiemannite and sulfur content i~ 
• 

tiemannite varies in a range between 0.74% and l.25o/o. 

Just like other isomorphous minerals, these two minarals are very similar in 

pbysical and optical properties, X-ray powder diffraction pattern and infrared 

ab~orption spectra, and the characters between them show some reqµlar 

changes, that is, from metacinnabarite to tiemannite, specific gravity, reflectivity 

and cell dimension increase, the micro-indentation hardness decrease, and the 

.. location of infrared absorption spectral band moves from low to high frequency 

{Table). 

• 

• 

Metacinnabarite associates with sulfides such as cinnabar and sphalerite 

etc. It formed in the physico-chemi:cal environment rich in sulfide sulfur, 

and the temperature of formation is low, ranging from 19()to,.220t . 

Tiemannite ! associates! solely with quartz , without any trace sphalerite and 

cinnabar. It formed in the physico-chemi cal environment poor in sulfide 

sulfer, and the formation temperature is higher, ranging from 230t to 260 .. 

metacinnabarite • • tiemann1te 
• 

Specific gravity • 1:41 7.59 8.4 

Hv( Kg/ mm2 ) 69 84 
• 

Rvis (%) 24 24.2 28.31 28.54 

Cell dimensions a( A) S.8822--5.8929 6.04668--6.04681 
• 

. 
• 

• 

stretching vibration 

place of Hg-S bond 600cm-• 625cm-1 

or Hg-Se Bond 
• 

. ORE PETROLOGY 

Chen Zheng et al. , Institute of Mineral Deposits , Chinese Academy of 
Geological Sciences, 26 Baiwanzhuang Road, Beijng, China 

• 

This book comprises two parts . The first part deals with the fundamentals 
of ore petrology and the second part deals with the descriptive ore petrology . 
These two parts were bound in two volumes . · 
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Volume one introduces the basic concepts of ore petrology and the general 
.methods of study .. It includes five chapters in total . 

The fi rst chapter treats of certain basic ideas of ore petrology . The writer 
explains some technical terms , such as ore and ore formations , mineralization 
stages and epochs , and generation of a mineral ; talks about the meaning of a 
mineral assemblage ; and lastly discusses the relationship between ore petrology -

• 

and other branches of geological sciences . 
• • 

The second chapter treats ot .. the principle groups of ore minerals and their 
common characters and occurrences . In this chapter , the basic and important 
parts of crystal chemistry are introduced . 

The third chapter treats of the structures and textures of ore and ore miner­
als . It may be safely said that nearly all kinds of the fabrics of crystal grains and 
ores formed by crystallization , replacement, sedimentary and metamorphic pro­
cesses are described . 

The fourth chapter treats of the meaning of mineral assemblages , the prin­
ciples of phase rule and phase equilibrium . Some common methods of mineral 
synthesis are described . The common characteristics of unitary , binary and 
ternary phase equilibrium diagrams are explained . Besides these , the relation 
between phase euilibrium and chemical thermodynamics are introduced . ·The 
writer tends to put stress on the application of different types of phase diagram to 

• 

explain the practical mineral assemblages and the use of chemical 
thermodynamic calculation in determining the physical-chemical condition of 
mineral equilibrium assemblages. 

The fifth chapter deals with the types of origin of the formations . The writer 
rather detaiJly describes the important characters of the magmatic, skarn , hyd~ 
rothermal , volcanic-sedimentary , weathering and supergene , sedimentary , 

metamorphic ore ~nd that of the different kinds of country rock alteration . 
Volume two is the part of descriptive ore petrology . In this volume , the 

principal ore formations of chromite , nickel, gold , silver , antimony , mer­

cury and manganese ore are described . According to the authors viewpoints , 
ore formation represents a typical kind of ore deposits ,which must have cha­
ricteristic mineral assemblages , a definite ore genesis , certain special occurrences 
and fabrics . Besides these , it should be a rather wide1spread type and possesses 
a certain scale of economic value . Once an ore formation is established , the co­
nstitution , the texture and structure , the occurrence , the mother rock and cou~ 
ntry rock alteration , and ore genesis which includes mineralization stages .• e~o­
chs and the physical chemical condition related to them should be deta1lly 

. 

described. 
This volume includes seven chapters : . 
The first chaoter treats of the chromite ore formations . Two ore f or/mations 

are established and described . (1) The stratiform chromite ore formation' 
2) The podiform chromite ore for1nation. 

The second-chapter treats of the nickel ore formation. Three ore for· 

mations are established and described . (1) The nickel sulfide ore f or1nation de-
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rived from gab bro kindred magma . (2) The nickel sulfide ore formation derived 
from komatite . (3) The weathering crust nickel oxide-silicate ore formation . 

• 

The latter two are omitted in this volume because they had beem published in 
Journal of Chengdu college of Geology , 1987 and 1988 . 

The third chapter deals with the gold ore for1nations . There are four ore 
formations to be established and described . (1) The volcanic-subvolcanic 
hydrothermal ore formation .(2) The green stone gold-quartz ore formation .(3) 
The gold bearing conglomerate ore formation . 

(4) The migmatitic granite hydrothermal gold ore formation . The latter two are 
omitted in this volume . 

. 

The fourth chapter deal with the silver ore formations . There are four ore 
formations to be established and described . (1) The mesothermal-epither1nal 

• • 

Ag-Pb-Zn ore formation. (2) The metamorphic polymetallic ore formation . (3) 
·. The sedimentary Ag-V ore formation. (4) The por'phyry polymetallic Ag ore 

• 

formation . The last one had been published in Bulletin of the Institute of Miner-
al Deposits , Chinese Academy of Geological Sciences . No. 21, 1988 , so it is 
omitted in this volume . 

The fifth chapter deals with the antimony ore formations . There are four 
ore formations to be established and described . (1) The stibnitc-quartz ore for-

. 

mation . (2) The Sb-Au-W ore formation . (3) The Sb-polymeta1s ore formation 

. (4) The stibnite-clay ore formation . 
The sixth chapter deals with the mercury ore for1nations . There are two ore 

formations to be established and described. (1) The cinnabar-quartz-carbonates 
ore formation . (2) The cinnabar-opal-orgi11ite ore formation . 

The seventh chapter deals· with the manganese ore formations.There are 
four ore formations to be established and described . (1) The sedimentary Mn ore 
formation . (2) The metamorphosed Mn ore formation . (3) The supergene 
enrichment Mn ore formation . (4) The deep sea ferrimanganese nodules ore 
formation . The last one had been published in Foregin Mineral Deposits , Insti­
tute of Mineral Deposits , Chinese Academy of Geological Sciences , so it is 

• 

omitted in this volume . 
As mentional above , this book establishes and describes 22 ore formations 

in seven kinds of ores in total . 
This book is written by a number of specialists in the Mineral Section, Insti­

tute of Mineral Deposits , Chinese Academy of Geological Sciences . 
If you want to know more deailly the content, please consult the english contents 
attached to the end of volume two . 

ORE ~/fINERAI,S IN CHAROITE ROCKS. 
DC?brovolskaya ~ ·~.G., •1ov V~ s. Insti tu.te of · Geo.lo§ ~ 
of Ore Deposi tB1 ~etro .. e;tt-phy, Mineralogy & qeocl1emis-­
tr of the Academy of sciences of the uss·R, :Moeoow· 
10 01 USSR. . . 
The c lroite rooks of the Murunsky .alkaline massif in 
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East Siberia are largely used as the 1naterial tor· · 
jeVw·elry. The beatltiful· rocks with lilac colour which 
is pro.per· to oharoi te are uniq11e by the high alkaline 
silicate aesociation (canaeite, aagirine, quartz, 
feldspar, K-arfvedsoni te, K-richteri te ,. fedori te r 
tinaxite etc.), also by the composition of ore 
minerals. · 
The main minerals like g~lena, chalcopyrite, idaite, 

pentlandi te, d.ieeni e,. oovell1 te occur as veinlets • 
small aggregates, impregnation. There are specific 
K,Tl-bearing sulfides djerfisherite, murunskite, 
thalcueite sometimes associated w~th native ooppert 
silver. iron. ' . 
For the first time the minerals of plati».um-group me-

. tale (sperrylite, frudite, sobolevakite and other mi­
neral phases) are found in charoi te rocks •. They aeeo­
c1a te with parkerite conta1n1Bg Pt and Pd (0,05-0~06 
wt.% respectively). . 
The analyses ot charoit• rocks with impregnations of 
ore minerals revealed the concentrations of Pt and Pd. 
like 0,05-0,2. and o,.1-1,~5 g/t respectively, of Rh 
(0 ,0015-0 ,.01 g/t), of Ir. (O ,001 -0 ,01 g/t ) •. 
Thus the alcaline rocks ot Murunsky massif contain_ 
unusual associatio•· of potassium minerals with thos:e 
of platinum-group metals. One ahoul~ look for eueh 
minerals in the tarly magmatic rocka of the same mas~ 
sif as well as in alkaline f orinatio:Rs of other 

• • regions. 

AN ILMENITE-ILLITE-CARBON-QUARTZ-CHAMOSITE ASSEMBLAGE 

P. Dragov, G. Catalov, D. Stefuiov, J. Uzu11,ov, H. Neykov 
Geological Institute, Bulgarian Academy of Scie1•ces, 1113 Sofia, Bulgaria 

A Jow-metaanorphic volcanic- • entary series forn1ed in a 'pa;ynclinaJ• (island­
arc?) e11viron111ent hoata an ore bed of composition which has no analop. It is an 
alternation of chlorite schis&s and qtJ81 tzita. rite schist& consist of chamosite 
(70 - 90 %), oiganic matter (1 - 15 %), ilmenite (1 - 15 %), illi~ (0.1 • 10 %) 
and quartz {0.1 • 5 %). zites contain up to 10 % illite and/or chaanosite 
and about 1 % ilmenite. The bed is 0.2 - 20 m thick, 2.5 im , exteaasion in 
depth 1111~ 11own. Bost rocks are largely metapelites and some basic metavolcsmics. 
They belong to the ao called Stoilovo FOl•nation (Lover Trimic?; Strandja Mt., SE 
B ·a; Oatalov & Stefanov, 1988). In an earlier preli1ninary co1n1n1111ication, this 
rock, which at the sa•ne time is tita0 iu111-iron ore, hu been called stoilite (Dragov 
at al., 1986). 
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• • 

·ca1 1niaoecopy, 1nicroprobe , X-ray ctil1aciometry, iher•nogravi-
mehic and wet diemical analyaes have bee11 11sed *<> daaractea i.e the dilorite · t 
1ni1aeral compoeition, as follows • 

• 

Chamoei~ occu11 u fine flakes and blaau 
• 

· relics of oolites are completely t. The 
to \he foliation; oolites or 

e is IIb ~ = 97°). End compo-
• • 11t10DS: 
{Fe~loFe~1Al1.,9Mg1.22Cao.oeMno.M)f-0·94(Sis.0&Alo.N)-0.96 and 

• 

(Fett. Feo. · Alo.aaM10.seMno.<K)+1·48{Si2.6t Al1.49 )-l.'9. 

Dlite is intergiown with cha1r1osi*e. Its is 2Mtwith crystallinity indices 
of IK 0.21 {020) and IWb 146. End compositions: 

. 

(Ko.NNao.oaOt1o.01)f-0·99(Al1.nFeo.1eM9o.Ct1)-0•29(Sia.soAlo.70)-o.70 and 
·. (Ko.78N tlo.0&)f-0·83(Al1.1eFeo.19Ngo.11 )-0•12(Sia.29Alo.11 )-0·71 • 

Dme11ite fOl'llll fine Bakes of unifor••a size (0.1 - 0.2 mm long, 0.005 mm thick) 
parallel to the foliation or of q•1asiiadial orien&•&ion if inchidM in m•rnosite blasts. 
It s no exsolutions or twi••r•ed • Its composition and X-ray powder 
paHem are almost identical to those of synthetic ilmenite. z 0CC11r1 as sep•a·ate 

fine grains and u s•nall le11s5 of conformation mosaics. Organic matter is fomid 
in two varieties: a structureless finely • rsed one and a graphitized material 
of combustion tempe 660 °0. Accasories are dominated by apatite. 
elements in the · ts show clarke concentrations except for Or, Oo and Zn which 

~ 

are of inc contents. 
• 

Dlite crystallir•ity indices and the chlorite + zoisite/cli11ozoisite assemblage found 
. 

in the metadiabaaes imply a of meta•norphisan th•& be to the 
hist f acies. 

P1o&oge1eesi1 is an tial problem. Sedi111entation near a wea&he1ing c1•1st 
over ·. or ultrabasic tocks can be rejected ·as a possibility. One should t 

. 

for the fact that ilme••ite exclusively in the cha1nosite masses and is me~a-
morphogenic as indicated by its composition and textu1 e. It is absent from the 
adjacent chlorite and 'sericite" -chlorite schists as well as from those intercalati • .J ~ 

• • hich d . _,_ . Th • . ii . al . • m qaai tmtes w o not contun maanomte. e on s ty materi , co11tainmg 
&nely • e1sed organic matter and titaniuan oxides or silicates, should hu bee11 de­
posi&ed in a sea-floor depression of stag1•ant water. Besides dla111osite, the deposit 
may have contai••ed ferrosanectite as well. Titaniu•n and iron ca1ne from a com­
mon eonrce - subma1'i11e hydrother1nal ftuids associated with the basic volcanism. 
Pan of the hon co1nbi1M'd with titaniu10 to for1n ilmenite <l••ring the meta1norphic 

• • 
tijsl IOD. 
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GICAL J'liTURgs OF OBE FOBllATIOB ONJ'lER BIP.l--
BY OORDI~IOBS (in, light of gold••bismuth aliera-

G.B~mvan , .Yakuts~ Institute of Geoaoiences, 
Yakutsk, 677981 t uis.S.Re5 

• 

Gold••bis•nuth m1Deralization of the- Yana, ·Ko a folded 
ayatea is localised in ezo , endocontact zones of gra .. 
nitoid massifs in exteDsive batholith intrusive belts~ 
It is represented by qua1•ts veins, cru.sh zones, su1-. 
phidized ska1•11s associated with cobalt,.,•• nickel• •bear-­

arsenide~, d,1 arsenide a, and by a gold' •bear ....... 
complex of bismuth minerals• bism.uthjne, fkunolite, 
tetrad3mjte, . joseite A and E, minerals o, D, F, E, K, 
tellu i•obimthi te, .. hedleyi te t ~· m•ldoni te, gold bismuth 
SlZl,phidet bismuthite, bisn1uth•; The . association of bis--
-uth minerals is very sensitive to the instability of 

shallow physicochemical conditions of m1neral forma­
tion, -which iareflected in their compositions and 
stru.o t11ral' •te~ tttral characteristics. 
Bon•stoichiometr is a characteristic featu1~e of bis­
:mut su p e urides and tellurides~ Their composi-­
tions are rarely ideal and exhibit signifieaDt shifts 
towards excessive bi·smuth or varying Teas ratios~ Com­
positio?ls may va,•ay even within a single· grains from 
tetraQmite to aineral E, joseite B to mineral K, heds 0 

leyite to Bi Te~ Low-purity gold · (600°/ •• ) composi-
tion in this2association varies sn1oot by 100-200• I•• 
~ ore segregation• . ~ · ,.. . 
;:;;;;;rao hi is widely developed. Main isomorphic ele• ,r,,.. 

en a are ead, antimo~, and seleniu•uw Selective iso .. 
m.orphi• is o bserv-ed•~ Max' •Rum amounts of lead occur in 
tetra ite (up to 8%), of anti•o~ in b1smuthine (up 
to 18' t of selenium in iktmolite and bismutb1ne {up 
to 5%)• Different urity content of adjacent grajns 
and uneven impurity distribution within a grain are 

ical• V1neralizat1ona elf indjvidual aetallogenic 
zones are characterized by a predominance of one iso-­

rphio element f ol1nd in all bismuth 111 nerals. 
Presence of aetastable ainerala and their breakdown 
tev turea~1 aiCh:' iliiiir&la include maldoni te l.~Bi, gold .. 
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• 

bismuth sulphide Bi .luS , a'Qd 1kt.1nolite Bi s3.· 'fhe 
latter breaks down to isxuuth:Jne with do s of sul>M 
microscopically i1•pregnated bismuth• Maldonite breaks 
doWJl to fora• · subgraphi.cs of b1 s11mth or bismuth! te and 
pure gold, whe~as gold:1•bismuth sulphide breaks down 
into bian1uth1ne and· pure gold whose ichthioglyphs 00•1

• 

cur among bi ,s•nutb:J,ne~· There are t prismatic segre•• 
gations which consist of a very fine m1,x,t•1re of pyx;• 
rhotine and b1as1auth. They have stable proportions of 
components, . and the m.1:xture composinon corresponds to 
a possible mineral of Fe Bi e. 
E:xsolution textures are ev l ed rather widely not 
oiilj ailolig bis1nuth minerals but also among those oryscr 
tallized simultaneously with them~ Most typical are 
exsolution textures in the for111 of f1ane, lenticular 
intergrowths of joseite A in joseite B or vica versa, 
joseite J. aDd B in tetradyanite, subgraphio tex 2tt1res of 
bismuthine an,d sulphotelluridest emulsion text11res of 
chalkopyrite and pyrrhotine in sul,photellurid.es.~ Oha02

' ' 

tic distribution of such te:x tures in both large ·01us· .. 
ters of bismuth m:lanerals an,d s le grains is observed. 
A typical feature of bismuth mineral , associations is 
simultaneous crystallization and :LntiDlate intergrowths 
of bismuth sulphotellurides and tellurides with o• • 
genie bi uth oxides. 
Thus, nonstoichiometrio composition of bismuth minee ·• 
rals, uneven distribution of isomorphic urities, 
presence of metastable mineralst thej 1~ breakdown tex--
tu1:aest exsolution text,ures, si 1•ntl,taneous o>vstalliZfls••' 
tion of oxide and sulphur compounds are ical fea ... 

7 s for go1ds•bismuth 1nineralization under unstable, 
shallow physicochemieal conditions• 

. 

MINERALOGY OF THE COMPLEX SULFIDE ORES FROM NEVES-CORVO . 
O.Gaspar,Laborat6rio da DGGM,P-4465 S.Mamede de Infesta 

Neves-Corvo lies in the Portuguese sector in the Ibe~ian Pyrite 
Belt (I.P.B.) and consists of five ore bodies, Neves, Corvo, Gra­
~a, Zambujal and Lombador, occurring on the top of the acid volca-
nics of lower Carboniferous age. . 
The ore bodies show a strong vertical and lateral zoning making it 
possible to identify and exploit various types of ore. :cupriferous 
ore, complex ores, tin ore and barren pyrite. · · 
With current mineable Gra~a and Corvo cupriferous ore reserves of 
some31Mt grading 8,03% Cu and tin ore reserves currently amount to 
some 2,BMt at an average grade of 2,7% Sn, Neves-Corvo is the ri -
che~t copper and tin deposit in the I.P.B .. 
Since 1980 a systematic ore microscopic study has been carried out 
aiming at the beneficiation of the sulfides by differential froth 
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flotation. 
Finegrained mineralization, ore textures and mineralogy of the Cu­
Zn-Pb ores are very similar to the other sulfide deposits of the 
I.P.B •. More complex are the mineralogy and paragenesis of Cu-As-Sb 
sulphosalts and tin ores. 
Tetrahedrite and tennantite frequently occurring together have a 
changeable composition and carry variable amounts of Ag and Hg. 
Although cassiterite and stannite related minerals have always been 
observed in small .quantities in the other sulfide deposits of IPB, 
they occur in huge amounts in Neves-Corvo. 
So far two different kinds of cassiterite occurrences could be es­
tablished: 1) as microscopic stripes of euhedral cassiterite in 
recrystalized pyrite and being replaced by sphalerite and chalco -
pyrite; 2) as main constituent of metric massive lenses intergrown 
with quartz and replaced by carbonates and sulfides, overlaing the 
Corvo cupriferous ores and sometime with Sn grading up to 30%. 
Stannite, kesterite, stannoidite and ~awsonite occur in big quan -
tities in the cupriferous of Corvo and Gra~a ores. Their occurrence 
in complex ores (5.72% Zn , 1.13% Pb and 0.4% Cu) is scarce. 
Microscopical observation indicates that introduction of later and 
hotter Cu-rich hydrothermal solution on primitive pile results in 
the replacement and migration of the Zn-Pb ores. Very interesting 
sphalerite replacements by chalcopyrite and tetrahedrite are always 
present in the rich cupriferous ores • 

• 

... 

GOLD IN ARSENOPYRITE 
James Graham, CSIRO Division of Mineral Products, 
Private Bag, PO Wembley, Western Australia, 6014 • 

. 
• 

Some recent papers have confirmed the existence of 
invisible gold in arsenopyrite in some gold deposits, 
and have described its' non-uniform distribution, and 
·its correlation with antimony or with iron deficiency 
in the arsenopyrite lattice (Cathelineau et al, 1988; 
Johan et al 1989; Graham et al 1988,89). There seems to . 

-be a growing consensus that the gold may be in solid 
solution in the host lattice, and this has been sup­
ported by a carefµl high resolution electron microscope 
study (Cabri et al 1989). However, a colloidal distrib­
ution has been demonstrated in pyritic Carlin type ores 
(Bakken et al 1989), and there is every likelihood of a 
continuous transition from particles to solid solution. 
The distinction is probably largely academic as far as 

• 

commercial extraction is concerned. 
It is possible to confirm the presence of such 

gold in several ways, listed in order of increasing 
cost. a) by pyrolysis followed by optical examination, 

b) by electron microprobe analysis, or 
c) by ion probe analysis • 

The microscopic method a) should be suitable for gold 
• 
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concentrations· dow_n to lppm or less; electron probe 
m i c r o"a n a 1 y s i s c a n ha v e a s en s i t i :v i t y o f up to · 1 0 ppm 
unde ·r:~ optimum conditions, and has the best spatial 
resolution, while the ion probe with mass spectrometric 

• 

detection can reach ·2sOppb or better. In every case, 
quantitative macroscopic information is difficult 
because of the non-uniform distribution patterns. Hence 
a matching of mineralogical and metallurgical gold 
balances is nearly impossible • 

. The pyrolysis method is interesting; on heating 
._ gold-containing arsenopyrite in a vacuum or inert atmo­

sphere at about 600C, gold is redistributed in the 
recrystallizing sulphide host as the arsenic vola til­
ises. The result is small visible globules of _ gold. 

While Johan et al demonstrated a nice correlation 
between gold content and iron deficiency for deposits 
at Chatelet and Villeranges, a compilation of data on 
arsenopyrites from many sources shows a more complic-
ated story, including very wide non-stoichiometry 
between sulpl1ur and arsenic, so that iron deficiencey 
is no.ta definitive criterion for gold in solid so·lu-

• 

tion -in the crystal. Also, the fact that arsenopyrite 
is present in a gold deposit does not necessarily mean 
that it is a host for gold. 

Invisible gold is found in other hosts such as 
pyrite, stibnite, loellingite, gersdorffite, pyrrhotite 
and chalcopyrite, generally at a lower: level (see also 
Cook and Chryssoulis, 1990). Of these, pyrite, gers­
dorf f i te and pyrrhoti.te are well k·nown to show ranges 
of non-stoichiometry. There is some evidence to link 
gold content with arsenic content in pyrite • 

• 
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MINERALOGY OF MANGANESE NODULES FROM NORTHERN 
EQUATORIAL PACIFIC OCEAN 
GUO Shiqin, SUN Wenhong, XIAO Xuqi, LIN Yueying, YANG Mingming, 

CHEN Yongzhi, Institute of Mineral Deposits, Baiwanzhuang Road 26, Beijing 
• 

100037, China 

Deep sea manganese nodule is a complex polymineralic aggregate. It con-
• 

tains hydrated ferromanganese oxides or oxyhydroxides, clay minerals from va-
. 

rious sources, minerals of zeolite and small amounts of d~trital minerals. Most of 

the minerals are authigenic, poorly crystallized or colloid. They intergrow inti-
• 

mately and sometimes grow epitaxially, so it is impossible to obtain pure mineral 

specimens, and many modern methods such as microscope, TEM, SEM, XRD, 

EMP, IR, MS and DT A have been used for comprehensive analyses. 
• • • 

· According to the composition of the minerals in manganese nodules we di-

vide the minerals into three groups. 

1. Manganese minerals . 

XRD and TEM analyses show that vernadite and todorokite are the princi­

pal manganese minerals in the nodules from CP(central Pacific basin) and 
• 

CC(the area between Clarion and Clipperton fractures). Birnessite is rarely 

found. 

Vemadite is the dominator in hydrogenous nodules with smooth surface 
. 

which are distributed mainly in CP area and several stations in the north of CC 

area, occuring in the area of sea mounts and of the steep slopes of mounts. It is 
' . 

cryptocrystalline or amorphous, reflectivity is about 11 % , ·reflection color under 

ore microscope is bluish grey. The based reflections are present at d = 2.4 and 1.4 

A, sometimes at 2.2A in XRD and SAD patterns. Vernadite is always rich in Fe, 

and has a Mn I Fe ratio less than 2. · 

Todorokite is a principal mineral in early diagenitic nodules. In mixed 

genetic nodules it is nearly equal to vernadite in quantity It shows 
. 

microcrystalline aggregates, yellowish white, and the reflectivity is about 16%. 

Marked anisotropy can be seen under the cross polariscope, so it can be distin-
• 

guished from .vernadite easily in nodules . 
• 

With the exception of enrichment in Mn, Cu, Ni, Zn, it has higher MgO, 
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• • 

• 

generally 4 6%. We can differentiate todorokite from vernadite in 
• 

Mn:-Fe-(Cu+Ni) x 10 and Mn-Fe-Mg x 10 triangular diagrams . 
• 

Birnessite is rarely present, except in a few nodules from CC·area. Care must 

be taken in birnessite determination for phillipsite and montmorillonite also have · 
the diffraction at 7 A. · · 

We have made experimental heat treatments with specimens in which 

todorokite is principal. The specimens were heated to 50, 80, 110 and 140 t 
respectively for 6hrs, then examined with XRD. We found that the intensity of 

• • 

the diffraction at 7 A becomes stronger and the diffraction at lOA weaker as the 

temperature increases. It suggests that todorokite can be changed into birnessite 
. 

as a result of dehydration with aging. 

Manganosite has been found with clear electronic diffraction pattern . 

2. Iron minerals 

Mossbauer spectrums measurement shows that iron-bearing facies have two 

double peaks. The parameters are IS= 0.360-0.366, QS = 0.535-0.578mm Is for 

inner double peaks and IS= 0.363-0.368, QS = 0.877-0.953mm Is for outer 
double ones. According to the Mossbauer spectra of known minerals and envi- · 

ronment factors we designate the inner peaks as geothite, and the outer peaks 

may represent akaganeite and ferrihydrite. . 

3. Silicate minerals 

We found that· many cores of the nodules from deep sea plain are composed 
• 

of consolided argillaceous sediments. It has two mineral combinations. The one is 

dominated by phillipsite and other is by so.dium harmotome. A small amount of 

illite, montmorillonite and quartz are present. In ferromanganese oxide layers 

outside the core, the impurities are quartz and phillipsite . 
. 

The mineralogy of manganese nodule has a close relationship with their 
. 

chemical composition, structure and the typ~s ,and these factors in turn are con-

trolled by the sea floor topography and regional environment . 
• 

• 

STUDIES ON LEAD-ZINC SULPHIDE MINERALIZATIONS IN THE RED SEA 
COAST AL ZONE EGYPT 

M.M.Hassaan, Al-Azhar University, Faculty of Science, Cairo Egypt 

Twelve occurrences of Pb-Zn sulphide mineralizations of established Middle 

Miocene age have been known to occur in several rock units cropping out along the Red 

Sea Coastal Zone in Egypt namely; basement rocks, Late Cretaceous Sandstones of 

Nubian facies and Middle Miocene limestones, sandstones and evaporites. The 

localization of the mineralizations are chiefly controlled lithologically and strucfurally. 

Most of the mineral deposits are localized in the sandy limestones when intersected with 

NW-SE faults and tectonic zones favoring their gydrothermal origin. • 

• 

-254-



The chief primary minerals are sphalerite, galene, pyrite and marcasite. The secondary 

minerals are cerussite, smithsonite, hydrozincite, calamine, anglesite, hematite, limonite, 

wulf enite, pyrolusite, psilomelane and zincite. 

The chief associated elements are Mo, Ag, Cd, TI, Hg, Mn and V which distinguish 

telether1nal occurrences. The hydrother1nal origin is also supported by pockets and lenses 

of smoky dolomites, iron and manganese carbonates and silicification occurring within the 

alteration zones at Zug El Bohar, Um Gheig, Gebel El Rousas and El-Anz located be­

tween Quseir and Mersa Alam on the Red Sea Coast. Gossans rich in Fe20 3characterise 

these occurrences. Small ochre occurrence associated with pronounced Pb and Zn contents 

occur at Um Griefat. 

The epigenetic hypogene Pb-Zn deposits occur in the following modes of 

occurrence:- Pitch and flat, Gash vein and disseminated deposits. 

Deposition of sulphides as a result of decrease of temperature of hydrothermal solu­

tions is due to the paragenetic sequence: phrite, sphalerite, galena and marcasite. Vertical 

geochemical zoning is observed at Um Gheig where zinc increases with depth and vice 

versa for lead. Lateral geochemical zoning is also detected where at the periphary of the 
. 

deposit iron and zinc increase while lead decreases. Regional zoning controls distripution 
• 

of Fe Mn, Cu and Pb-Zn hydrothermal mineralizations along the Red Sea Coastal Zone 

where Pb-Zn occurrences at the center are replaced to the north and to the south by Cu 

and Fe Mn hydrother1nal mineralizations. 
~ 

. The studied mineralizations could represent the Middle Miocene phase in the north-

ern African hypogene Pb-Zn sulphide mineralizarions where there is a tendency of de-
• 

crease of age of mineralization from the Paleozoic in Morroco to the Pleistocene and Re-
• 

cent for the hydrother1nal hot brines in the Red Sea deeps through the Cretaceous in 

Aljeria and Tunis . . 

HEAVY MINERAL INCLUDING ILMENITE ALONG VIETNAM'S COAST 

Hoang Trong Mai, La Thi Chich, Polytechnical Institute, Hochi1ninh City, Vietnam. 

The heavy mineral that includes Ilmenite is distributed along the coast of Vietnam 

from Quang Ninh to Vung Tau. Its mineral composition is various but the mineral group 

accompanying Ilmenite usually includes Rutile, Zircon, Monacite, Tourmaline and 
. 

Magnetite. As compared with continental heavy mineral number of mineral form is smal-

ler, but its mineral association is not as various. 

The chemical composition of heavy mineral meets industrial requiments. Its 

Ti02amounts to over 50%, its (FeO +Fe20 3) is approximately 45%, with FeO > Fe20 3• 

Other mixtures are in significant. 

The thickness of layers of Ilmenite is various. Those lying between high tide level and 

low tide level tend to taper off. Towards the shore where· granularity is high, the composi­

tion of heavy mineral is relatively simple. Where the sea meets krans, the sedimentation is 
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not easy and the layers of Ilmenite are very thin. The source of heavy mineral is deter-
• 

mined by the complexes of continental igneous rock· and metamorphic rock. The condi-
.. 

tions of sedi1nentation of heavy mineral depends upon the rivers, the winds and the slope 

of the marine terrace. 

Magnetism fractionation and gravity fractionation can be used in the complex explo­

ration of Ilmenite, Zircon and Monacite ore for different industrial branches. 

THE APPLICATION 
IN QUANTITATIVE 

OF THERMAL 
ANALYSIS 

ANALYSIS 

• 

• 

Huang Kaihan, Institute of Comprehensive Utilization of Mineral 
~Resources, Ministry of Geology and Mineral Resources, Emeit Sichuan, 

. 

614200, People's Republic of China 

This pap~r describes the method of quantitative analysis of matters 
and elements in terms of TG curves coupJed with DTA curves. 

· In the process of heating sample, if the masses of n kinds of 
matters change, and the changing rates of No.a pure matter and sample 
i.n b temperature region are respectively Pa-b and Pb, the general 
equations to calculate contents X of these n kinds of matters are as 
f o I I ows: 

• 

. Pt-1 X1+P2-1 X2+··· ···+Pn -1 Xn = P1 
P 1-2 X 1 + P2-2 X2+ • • • • • • + P n -2 X n = P2 
•••••••••••••••••••••••••••••••••••••••••• 

• 

(1) 
... 
(2) 

The author applied these equations to the determination of the 
contents of thermogravity-actlve matters with indefinite chemical 

• 

formulae, such as montmorillonite, hydromica and so on, or the matters 
with overlapped mass changes, such as kaolinite and calcite, gibbsite 
and calcite etc, or matters with superimposed mass changes, such as 

• 

kaolinite and halloysite, montmorillonite and kaolinite etc. 
The thermal reaction equations have been used to determine the 

contents of thermogravity-active matters with definite chemical 
formulae, such as kaoJinite, magnetite, siderite etc and some of their 
specific assemblages. 

The determinatoin of FeO in sample, in which there is only mass 
increase when ferrous in ilmenite, magnetite, chro1ite, slag and so on 
is oxid.ized, is very typical. 

The chemical formulae and thermal reaction equations have been used 
to determine in samples the contents of elements, which are present in 
thermogravity-active matters with definite chemical formulae, such as 
kaolinite, chromite, ammonium ferrous sulfate etc . and so1e of their 
specific assemblages. 

The chemical formulae of thermogravity-active matters with 
indefinite compositions, such as pyrrhotite, slag containing vanadium 
and so on, have been determined. 
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• 

If the chemical for1ula of one matter with isomorphism fsCA1.A2, •••• 
An le Bd; its molecular weight is M; the number of molecules taking part 
in the reaction is e in the thermal reaction equation and the mass 
change is ~ 111; the mass change on TG curve of pure matter with mass • 
is L'.lm; the atomic weights and contents of elements B, At ,A2, ···, An are 
respect i ve) y 11b' 111, 112' ••• '11 n and b' a 1 f a2 ' •••• an ' the genera ) equa t ions 
to calculate the number of atoms X of these n kinds of isomorphous 
elements are as follows: · 

etl // m = L\ 111 / L.l m c 1 ) 
tlbd/M=b C2) 
H 1 C l -X2-··· -tl n > C / tl =a 1 C 3) 
l12X2 C // H = a2 C 4) 
•••••••••••••••••••••••• 

Cn-1) 
. 

These general equations have been used to determine the number of 
atoms of isomorphous elements Fe, Hg in ankerite and Fe, zn. Mn in 
manganess-zinc siderite. 

Tbe mass changing rate method can be used in quantitative analysis 
only when the standards containing the same constituents as the sample 
are available. If the mass changes of the components to be analyzed are 
superimposed, quantification can be made only when their mass changing 
rates are quite different. With these exceptions, all thermogravity- · 
-active matters can 1le quantified using the thermogravity method. 

The method of thermogravity quantJfication of elements is 
applicable to all thermogravity-active matters which have definite 
chemical formulae and of which contents are measurable. Quantification 
of elements in the thermogravity-active matters with indefinite 

. 

formulae or isomorphism -requires a prior determination of the formulae • 
• 

The absolute difference between thermal analysis results and actual 
values fal Js within the range of 0.03-0.58.% (0.20%' on average> for 
quantification of matters, 0.12-0.91%C0.44% on average>for elements, 
and 0,003-0.023 atomC0.009 atom on average) for atom numbers. 

According to 10 measurements of calcite in one sample, the average 
is 99. 71%., the variance 1.53X 10-6

, the standard deviation 0.12%, and 
the maximum error 0.1291) Cwtth a confidence level of 0.99 and a 
confidence coefficient of 3.25). 

THE Cu - Te - S PHASE SYSTEM AT 350, 450, 550, 675 AND 800 °c . 
• 

S. Karup-M0ller, The Institute of Mineral Industry, The 
University of Denmark, Building 204, DK-2800 Lyngby, Denmark. 

Technical 

The ·condensed system Cu - Te - S has been studied at 350, 450, 550, 675 and 
800 °C using dry charges annealed in evacuated silica glass tubes. The 
products were evaluated by means of microscopy, microprobe analyses and x- · 
ray diffraction. 

At 300°C three ternary phases were identified. One of these is 
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goldfieldite with univariant chemical composition Cu3 . 17 Te1 . 17 84 . 00 and 
8a = 10.267 ! 0.005 A .. The two other phases A and B have not been found in 
nature. Phase A is hexagonal (a = 4.450 ~ 0.001 A and c = 5.906 ! 0.002 A) 
_and has the following univariant chemical composition Cu1 .z 7 Te8 . 98 S2 . 99 
(Z =1 and dealt.= 4.42 gr/cm3 ). Phase Bis cubic (a= 10.220A} with a che­
mical co~position ranging between Cu1 . 88 Te8 . 32 88 . 29 (Z = 30, dcalc = 
5.30 gr/cm) and Cu1 . 88 ·Te9 . 55 88 . 86 (Z = 30, dcilt = 6.33 gr/ cml). 

. 
When associated with phase B, chalcocite contains almost 4 mol% Te, but 
less than 0.5% when associated with goldfieldite. Covelline contains less 
than 0.5 mo1% Te. The three natural Cu-Te phases weissite, richardite and 
vuleanite may dissolve up to 1.5 mol% S. A ·small liquid field of the Cu-Te 
join at Cu8 . 6 9· _ e . 7 1 Te8 . 3 1 _ 8 . 2 9 may contain as much as 2 mo·1% S. On the 
Te-S join a liquid field exists between pure S and approximately 
S8 • 75 Te8 • 25 at 350°C. The Cu-content of the liquid is negligible. 

At 450°C phase A and vulcanite have disappeared. Goldfieldite, phase B, 
chalcocite, covelline and richardite have approximately the same chemical 
~omposition as at 350°C. Weissite may dissolve up to 3.5 mol% S. The small 
liquid field on the Cu-Te join at 350°C has increased in size, stretching 
along the Te-S join and from Te towards a composition of Cu45 Te55 • The 
field lies close to the two boundaries of the phase diagram. 

At 550°c goldfieldite has disappeared. Weissit may contain up to 7 mol% S 
and chalcocite up to 11% Te. The compositional field of phase B has 
slightly expanded and it ranges between Cu1 . 88 Te8 . 29 S8 . 32 an~ 
Cu1 .a 8 Te8 . 58 S8 . 83 • The compositional field of richardite has not changed 
significantly. At 550°c the liquid field extends as a long narrow tongue 
from the Te-corner deep into the phase diagram reaching a position of 
approxima~ely Cu48 Te28 S4 4. -

At 680°C the phase richardite has disappeared. Complete solid solution 
exists between chalcocite and weissite. The compositional field of phase B 
is nearly the same as at 550°c. The liquid field has expanded considerably 
from the .central portion of the pl1ase diagrau• towards the Cu-corner of 
this. 

At 8oooc phase B has disappeared and the liquid field lies very close to 
the chalcocite-weissite join. Remarkably, towards the S-corner of the 
phase diagram the boundary of the liquid field has virtually not 
changed position with increase in temperature from 500°C to 800°C. 

DETERMINATION OF SO:ME MINERALOGICAL PARAMETERS OF VARYING Ag­
CONTENT IN SYNTHETIC Au-Ag ALLOYS 
Kim, Won-Sa, Dept. of Geology, Chungn~m National University, 
Daejon 302-764, Korea: Kim, Soo-Jin, Dept. of Geological Sciences, 
Seoul rlatj_onal University, Seoul 151, Republic of Korea 
The correlation of Au-Ag ratio in Au-Ag alloys and its variation 
with depth of gold mineralization has long been of .interest. 
Chemical composition of the alloys can be determined by electron 
microprobe analysis, an outstanding non~destructive method, pre­
serving the relationship between gold-silver· minerals and their 
surroundings (wallrock, coexisting minerals, etc.) on the polish­
ed specimen. The equipment is costly and therefore not a prac.ti­
cal technique for companies working with smaller budgets. Thus, 
development of simple but reliable methods by which the Ag-content 

• • 

of the Au-Ag minerals can be determined has been of interest among 
the applied mineralogists. 
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As a first step to meet this goal, quantitative mineralogical 
parameters such as cell constant, reflectivity, specific gravity 

and micro-indentation hardness have been measured for the synthe­
tic Au-Ag series alloys ~re~ared at 5 at.% intervals. 

, The unit cell parameter for each alloy has been refined by a least 
-squares method, using X-ray powder data taken with 114.6 mm Debye 
-Scherrer camera. The cell constant gradually becomes larger as 
Ag-content increases. The reflectivities of the Au-Ag compounds 
have been measured for 2 wavelengths 480 and 546 nm, using spec. 
pure platinum as a standard. The range and mean values have been 
determined after 20 measurements for each specimen. It is sugge­
sted that use of 480 nm is preferable for the reasons that the 
range between R values for silver and gold at this wavelength is 
more than twice that at 546 nm and that R values are more sensi­
tive to the composition of the alloys. Specific gravity measure­
ments also illustrate gradual changes with Ag-content. However, 
Vickers hardness numbers determined using loads of 25 and 50 gf 
are so variable regardless of the composition that no apparent 
trend iR seen. 

• 

. 

A POSSIBLE EPITAXY OF LAURITE ON RUTHENIRIDOSMINE FROM 
OPHIOLITICCHROMITITE: GENETIC IMPLICATIONS 

• 
0li¥ier Legendre, GIS B.R.G.M.-C.N.R.S.~ IA rue de la Ferollerie, 450710rleans Cedex 2, France. 

A detailed scanning electron microscope investigation of platinum-group miner­

als included in ophioJitic chromites from the ''Massifdu Sud'' (New Caledonia) has 

been made. The association of laurite and rutheniridosmine was found to be· very 

common. This association is unusual in that the laurite crystal is always attached to 

the tabular face (00.1) of the rutheniridosmine. The laurite crystal is always smaller 
than the rutheniridosmine crystal. 

Such association is explained by epitactic overgrowth of the laurite crystal on the 

rutheniridosmine. The growing plane of the laurite is postulated to be (111) on the 

00.1) face of the rutheniridosmine, since those planes comply with the two conditions 
_ quired for epitaxy i.e.: 

I 

Genetic implications which can be drawn from this epitaxy in accordance with 
urves for Ru I RuS2, Os I OsS2 and Ir I IrS2 are: 
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- Os, Ir, Ru alloys and laurite do not crystallize at the same time, 
- whether the Os, Ir, Ru alloy or the laurite crystallizes depends on as2 (assuming 

weak temperature variation), 

- evidence of an increase in a82 during crystallization of ophiolitic chromitites . 
• 

DACHA~rG ORE Fifil,D --- A DEPOsr·r WITI-f T~ iY!03T ABUi~DA!·IT 3UL1',03ALT 
i··IIi~ERALS Il·I THE 1.~0 RI.D 

Li Xilin, Institute of Geochemistry, Academia Sinica,Wushan, 
Guangzhou 510640, Guangdong province, P. R. C • 

. 

The well ~{. r1or.m Dt1chang caasi teri te-sulf.ides ore field in Gu-
angxi Autonomous Region is a deposit with exceedingly abundant su-

• 

· lfosalt minerals and sulfide minerals. It is, therefore, an ideal 
place for investegating the sulfosalt minerals. Up to now, 181 sp­
ecies of minerals have been identified by the author, including 47 
species of sulfosalt(may up to 60 species from all the literatures 
), 40 species of sulfides(with antimonides, arsenides and telluri­
des) and 94 species of other groups or· minerals. 

The abundant reservoir and the ntimerous mineral species of 
sulfosalt minerals in Da.chang ore field does come first on the list 
of sulfosalt mineral deposits in the world. Thus, the ore field was 
named r1the country of sulfosal tsi• by the author in 1985. All sul­
~osa~ t minerals have been studied carefully and have the datum of 
"'"'-: ,u,-.... r· · ••• {II~ ,-.~--=.-.1,;-(;hA ;:;nal '11rSi!=! re.P1 el"\+1· ,re f'().L., ()\)?"- inrlev X-raJ ... nv-~A-r-
'-" ..... ...,....., ..,, ............ ---- ........ - r-- - - ·- .. ....., • .6....A., "v " __....., - -·- - · "'' "-"" .., ...... ~--... ., , .. 
diffraction ahalysis, differential thermal analysis, infrared ray, 
i1ossoauer analysis, specir'ic gravity and ilardnessea. 

The r~me 01"' 4·7 species oi' sulfosal t minerals are listed as 
following. ·· 

Pb-Sb sulfosal ts · 
jamesoni te 
boulangerite 
madocite 

Pb-Sb-As sulfosal ts 
jordanj.te 

Pb-Sb-Cu ~ulfosalt 
bournonite 

Pb-Sb-Ag sulfosalts 
d11.phorite 
Pb5Agsb6s

14 
Pb-3~Sn sulfosalts 

franckeite 
Sb-Ag sulfosalts 

• 
• • pyrargyri-ce 

. 

Ag5Sb3S7 
Sn-Ag sulf'osal t 

canfieldite 
Cu-Sb-Ag sulfosalts 

mangunoan jamesonite 
zinkenite 

geocronite 

andorite 
ZnPb3Ag5sb5s

14 

cylindrite 

miargyri te. 
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b~L}q,videsi te 
semseyite 

owyheeite 

stephanite 
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tetrahedrite · freibergite 
argentian tetrahedrite 
argentian zincotetrahedrite 

Pb-Cu-Sn sulfosalt 
Pb

2
(cu,Zn)

2
Sns5 

• • 

Bi-Pb sulfosl:t.l ts 
galenobismutite 
weibullite 

Bi-Ag sulfosalt 
matildite 

Bi-Pb-Ag sulfosalts 
gusta.vi te 
benjaminite 

Bi-Pb-Sb sulfosalts 
kobellite 

ni-Pb-CU sulfosal ts 
soucekite 

n.; <:.'"h ·' - -·., ""- - - ., t . · · ..,_ - n 0 C·• • .... v~g.• 

aramayoite 
• 

-

• 

cosalite 
wittite 

. 

schirmerite 
PbAgBiSJ 

eclarite 

• 

• 

' 

zincotetrahedrite 
1 ~ . .J.. po ~roasi ve 

lillianite 

• 

pavonite 
~b5 (Ag,Cu)(Bi,Sb) 5s13 

EFFECT OF STRUCTURAL STRRSS TO THE SUBSTITUTION AS ISOMOR-
' 

PHISM--TAKING THE LEAD-ZINC ORE DEPOSIT OF LUJIAPUZI AS · 

AN EXAMPLE • 

• 

LIU Hongbo, Department of Geology, Northeast University of Technology, 

Shenyang, Liaoning Province 110006, People' s Republic of China 

Research on external factors, such as temperature and concentration of met­

allogenic component, which affect ·the substitution as isomorphism, has been 

reached conclusive understanding, but has not been so about pressure. To take it 

as an example that the change trend of minor elements substituting host one as 

isomorphism in monominerals of magnetite and sphalerite of lead-zinc ore deposit 

of Lujiapuzi, Liaoning province here, the effect of structural stress to the substi-

tution as isomorphism is discussed. • 

1. The Amount Trend of Minor Elements in Monomineral 

The change trend will be found after figuring the amount of minor elements 

substituting Fe in eight magnetites from eight different elevations: (l)there is an 
• 

increasing trend of Fe3+ , V, In, Mn 2+ , Cr , Zn , Ga, Ge, Sn , Ti, Mg, Cd, Al from 

· lower to upper; (2)decreasing of Fe2+ ,Co,Ni,Pb,Cu from lower to upper; (3) 
• 

little change of Se. 

The change trend will be found after treating six blendes as same as mag-
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netite : ( 1) there is a decreasing trend of ·Fe, Co, Ni, Mn, Cu from lower to upper; 
• 

" ( 2) increasing of Ga, Ge, In, Cd, Se, Te from lower to upper. • 

· 2. Status of Structural Stress at Different Level 
• 

There are two granite masses on the Earth surface, one is in the west and 

the other in the east of the mining district. They intruded during the metallogenic 

·epoch. Judging from the information of drill log, the two masses are linked to­

gether underneath. A triangular field enclosed by faults of NE, NW, NWW, is 

situated in the middle of them. Ore bodies are located in the NW fault. The agen-
• 

cy of uplift.yields compression at t~e depth and stretch at the shallow when mag­

ma intrudes, namely, the structural stress at the depth is more than that at the 

shallow. The metallogenic temperature, of course, reduces gradually from the 
• 

depth to the shallow. · 
·. There is an opposite effect of the replacement as isomorphism between tem-

• 

perature and structural stress under the geological environment mentioned above. 

Why there is actually regular change of the amount of 1ninor elements replacing 

host one as isomorphism in two monominerals? It is suggested here that the regu­

lar change of amount is resulted by structural stress, an prevailing factor affect­

ing the replacement as isomorphism in this district ,acting on tpe atomic structure 

of minor elements; and it is the reflection of geochemistry in replacement as iso-
• 

morphism. No attention was previously paid to that. 

3. Interpretation of Tectono-Geochemistry 
• 

According to the adjusting and differentiating principle of tectono- geoche 

mical dynamic, element that is of small density, unstability, large atomic volume 

and radius tends to deposit in · the space of le~ structural stress, and one that is of 

large density, more stability, small atomic volume and radius does oppositely. 
Comparing the parameter of atomic volume, radius and density as well as 

• 

stability of minor elements substituting Fe or Zn with that of Fe or Zn, differ-
• 

ence would be seen. Then ,it is easy to understand the change trend of the amount 
• 

of minor elements in magnetite and blende at different level taking into account 

of both of the adjusting and differentiating principle of tectono-geochemical dy­

namic and metallogenic enviroment. 

4. Conclusion 

The substitution of one element to another as isomorphism is affected sensi­

tively and strongly by structural stress. It realizes in such way that structural dy-
• 

namic adjusts the deposition space of elements that is of different atomic parame-
• 

ter, and further differentiates the concentration of metallogenic component, lead 
• 

eventually to influence the amount of substituion of· elements as isomorphism in 

minerals. It might be d~cribed as C f (P. V. d. R), where C is the amount of 

substitution, P, the value of structural stre~, V, the atomic· volume, d, the atomic 

density, R, the atomic radius . 

• 
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THE FIRST DISCOVERY OF a (AuA~)3H2 AND 
MIHARAITE IN CHINA 

Lou Zhenkuan, Wang Manzhi, Guan Kang, Wang Chuantai, Tianjin 

Geological Academy, Minisrty of Metallurgical Industry, Tian.pn, 

30006 l, People's Republic of.China . 
a. (AuAg)3Hg and miharaite is first found in ~ China from the samples 

collected in gold-bearing quartz veins in Sanji~ gold mine, Qinlong 
. 

county, Hebei province.The gold-bearing quartz veins, occuring in 
Archean metamorphic basic volcanic rocks of Qianxi gi·oup, are controlled 

by NE-NNEtrending compresso-shear faults.Mine1·alization is i·elated to 
• 

magmas intruded around the mining district including both Dushan g1·a11itic 
batholite and granitic stock. Minerals are dominated by quartz, pyrite and a 

little calcite, galena, chalcopyrite, bornite, sphalerite and mi1101· 

tennantite, wittichenite, aiklinite, miharaite, gold, kustelite and ri. 

(AuAg)3Hg. . 

l .ri.-(AuAg)1Hg -
a-(AuAg)3Hg is a kind of natu1·al mineral co11taining Hg, Au, Ag, 

\\,.hich generally has a intergrosth with gold, electrum and Bi-bea1·i11g 
~ 

sulfosalt minerals and occurs in the fissu1·es of pyr·ite and qua1-tz ii1 the form 
• 

of- \1einules and irregular particles.Its i·eflection colo1· is i·osy ye11o~·ish-)'ellow 

white.It is characterized by isotrope, low hardness, no bi i·eflectio11 and 

pleochoism and h.igh reflectivity \Vith 480nm (62.55-80.56°/o ), 546111n 

(72.18-85.78o/o), 59lnm (75.7-88.28%), 654nm (77.63-91.41°/o) measued 

under MPV- I microphotometer. Its VHN equals to 91.23kg I mm2
• The 

fo1·mula is (Au, Ag)3Hg with Au 18.08-27.37°/o(average 41.73 °/o ), 

Hg32.12-38.02°/o(average · 35.66°/o), analysed with the JCX~t\ 733 

microprobe.The strong lines of x-1·ay powde1· analysis a1·e , 2.3822(9), 

2.0599(6), 1.2449(10), 1.1944(5).It belo11gs to ison1etric system \\·'itl1 
a0-4.129 A, similar to JCPDS4-0784 a-{At1 5Hg).It is t·efe1·1·ed as a ne\\' 
minerla varity~ 'Nhich has the same structure but diffe1·ent con1positio11 tha11 

a-(,.\u 5Hg). 

2.Miharaite (Cu4 FepbBiS6) 

Miharaite was entiled as a new mineral at Mihara Copper Mine, 
Okayama Prefecture, Janpan in 1980.Miharaite identified _by the authors 

first in China occurs in gold-bearing quartz veins at .Sanjia gold mine, which 
• 

generally has a paragenesis intergrowthing with galena, chalcopyrite, 

wittichenite, aikinite and occurs in the fiss·ures of ·pyrite and quartz in the 

form of veinules or irregualar particles.Its reflectio.n color is pinkish gray; 
• • 
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• • 

polarization color is darl-blue-gray to brownish.It i~ characterrized by slight 
. ' 

bi reflection and middle-low reflectivity (see table 1 ;rteasured under M PV- 1 
• 

microphotometer), similar to miharaite occured in Mihara Copper Mine, 

Janpan.Its formula is Cu4FePbBiS6• The chemical composition analy sed by 

JCXA-733 microprobe is listed in table 2, also similar to Mihara 's 
miharaite.The results of X-ray powder analysis with Gandolifi camera may 
be compared to those of miharaite within Miha1 .. a Copper Mine (table 3). 

Based on above studies, it is proposed that this mineral is miharaite . 
• 

Tablel Refl c· ·t f M"h ·r • e lVl ~1 0 1 I ara1 e 
\Vave length(nm) 

480 546 591 654 
location 

• 
~ 

SanJia 27.4-31.0o/o 
• 

28.8-31.9o/o 29.3-32.8 °/o 30.4-33.4°/o 

wave logth(nm) 
480 548 589 657 

location 
- . 

Mihara 29.6-30.3o/o 30.8-31.5% 31.7-32.6°/o 32.1-34.2% 

T bl 2 Ch . IC • • • 

t t a e . em1ca OffiDOSl ion 0 1 ara1 e 
element I 

I Cu Fe Pb Bi s Total 
location 

SanJia 26.48 6.30 23.40 22.47 20.92 99.57 

Mihara 28.24 6.05 ·22. 72 22.75 20.60 100.36 

T bl 3 D t 1 
• 

f f X d a e . aao -ra, 1 oow e1· ana ~1s1s o mt art e 

SanJia 
d 3.729 3.257 3.142 3.068 3.005 2.648 2.182 

I 
1 I I I0 2 5 9 10 2 1 7 

• 

Mihara d 3.75 3.25 3 .11 3.03 3.00 2.64 2.18 

JCDS33-46 I I 10 60 70 55 100 90 80 60 

• 

• 

. 0").°'J. MINERALOGY AND GEOCHEMISTRY OF THE ORE- BEARING WEATH­

ERING CRUSTS IN HANOI REGION 

• 

Dr. Mai Trong Nhuan, Department of Geochemistry, Hanoi State University, Vietnam 

In Hanoi region there are 3 geochemical types of the Weathering crust - feralitic 

(laterite FWC), ferosialitic Oithomage, LWC) and sialitic (clay, SWC). They are different 

in zonality, mineralogical, chemical composition, ore-bearing etc. :rhe FWC composes of 

3 zones - saprolite, ferosialite and feralite; the LWC profile has lost the feralite zone. The 

SWC has two zones-saprolite and sialite. Each of these x~nes is characterized by the defi­

nite value of minerals and chemical element content and geochemical coefficients. 

The main minerals of the SWC are kaolinite, hydromicas, quartz and the rare ones -

chlorite, feldspars .... In the FWC and LWC there are the main minerals such as goethite, 

hydrogoethite, kaolinite, quartz. The rare minerals of these two types are hydromicas, 

chlorite, ilmenite, gibbsite, manganite ... . The content of goethite and hydrogoethite (43,3 -
• 

• 

-264-



47,8%) in the FWC is more than in the LWC (12-30%). The SWC is characterized by the 

highest content of Si02(59,2 - 65,6°/o), K 20 (1,81-3,76%), Rb(198-300 ppm) and the 

lowest content of Fe20 3(t-4,50°/o). The FWC has the highest content of Fe20 3(42,7 -

45,2°/o ), the lowest content of Si02(23,50 - 29,86%); Al20 3(11,4 - 15,84°/o ), K20 (0,09 -

0,17o/o}, CaO (0,03 - 0.04%), MgO (0.04 - 0,1 %), Na20 (0,006 - 0,12%), Rb (12 - 40 

ppm). The three weathering crust types are not much different in contents of Ti02(0,55 - , 

0,92% for the FWC; 0,36-1,87% for ·the LWC; 0,43 - 0,79% for the SWC), MnO (0,01 -

0,1%;0,02 - 0,19°/o; 0,01 - 0,006°/o); Pb (20 - 86 ppm; 30 - 80 ppm; 24 - 83 ppm) Cu (61 

- 100 ppm; 43 - 86 ppm; 15 - 40 ppm) Zn (35 - 76 ppm; 37 -137 ppm; 30 - 92 ppm). 

There are many mineral resources related to the weathering crusts - kaolin and clays 
,, 

in the SWC and L WC; puzzolite, colour pigment, laterite stone, gold, iron and tin ores in 

the LWC and the FWC. 

The mineralogical and chemical composition, geochemical characteristics as well as 

the ore-bearing of the weathering crusts depend first of all on the petrographycal type of 

parent rocks, geomorphological properties and hydrodynamic conditions of the region. 

. 

CATHODOLUMINESCENCE AND CHEMISTRY OF PRIMARY, ALTERED AND 

SECONDARY WILLEMITE FROM THE STERLING HILL ORE DEPOSIT, NEW 
-JERSEY, USA 

Emil Makovicky, Institute of Mineralogy, University of Copenhagen, Oster Voldgade 10, 

DK-1350 Copenhagen K, Denmark and Brian J. Skinner, Dept. of Geology Geophysics, 

Yale University, 210 Whitney Avenue, New Haven, CT 06511, USA 
• 

Microscope studies of cathodoluminescence of different willemite, Zn2Si0_., varieties 

from the Mn-Zn ore deposit of Sterling Hill reveal a complex pattern of cation leaching, 

metasomatism, replacement and overgrowths which record the post-peak, retrograde 

metamorphic and hydrother1nal history of the deposit. 

The primary, high-metamorphic ''black willemite'' contains on average 1.0 wt % 

MgO, 4.8 wt% MnO and 2.9 wt% FeO. Primary ''red willemite'' has 7.2-8.6 wt% MnO, 

0.4-1.1 wt% FeO and 0.4-1 .5 wt MgO. They are practically non-luminescent because of 

luminescence quenching by admixtures. On fractures or in swarms of dislocations, ''black 
• 

willemite'' contains fme particles of black franklinite. These features fluoresce because 

MnO and FeO in adjacent willemite has been reduced to 2.5-3.7 w·t % and about 1.4 wt 

%, respectively. Hydrothermally altered willemite and the associated willemite 

overgrowths luminescence brightly due to MgO contents reduced to traces, MnO to 

0.9-1.5 wt% and FeO to 0.3-0.6 wt%. 

The clear primary ''red willemite'' is largely altered along a dense network of fractures, 

with only 3.0-3.4 wt % MnO, 0.1-0.5 wt % FeO and O.S-1.0 wt % MgO. Fluorescent 
. 

zones along individual fractures are only about 8 µm broad. Numerous cavities and 

-265-
• 

• 

• 



• 
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• 

• 

• 

secondarytephroite and red fraklinite are formed. Large veins of secondary willemite are 

brightly luminescent, sometimes with multiple fine zones of nonluminescent willemite with 
. . 

less than 0.3 wt % MnO or FeO alternating with zones of brightly luminescent wi_llemite 

with 0.89-2.0 wt % MnO. As8ociated are cd-bearing sphalerite and franklinite. In the 

zincite ore, tephroite is th·e primary silicate mineral; willemite occurs only as brightly 

luminescent, fme grained replacement aggregates with 3-4 wt % MnO. The described al­

terations of black willemite grade from retrograde metamorphic to hydrother1nal; those of 
• 

· red willemite do not show clear differentiation. All these phenomena suggest substantial 
• 

reactivity and even mobility of willemite in retrograde metamorphic and hydrother1nal 

processes . 

• 

. EXPERIMENT AL STUDIES ON PHASE SYSTEMS RELATED TO THE 

MINERALOGY OF PLATINUM-GROUP DEPOSITS 
• 

E. Makovicky, S. Karup-Moller, M. Makovicky and J. Rose-Hansen, Inst. of 

Mineralofgy, University of Copenhagen, Oster Voldgade 10, Dk-1350 Copenhagen K, 

Denmark and Danish technical University, DK-2800 Lyngby, Den1nark 

In the present project supported by the European Economic Community, phase sys­

tems were studied that describe and explain the mineralogy of platinum-group elements in 

magmatic and postmagmatic ore-forming environments. Dry condensed sulphide and 
. 

arsenide systems Fe Ni-Pd-S and Pt-Fe As-S were studie.d by means of charges an-

nealed for extended periods in silica glass tubes and analysed by reflected-light 

microscopy and microprobe. 

The phase system Fe· Ni-Pd-S was investigated at 900, 725, 550 and 400t. Sulphide 
• 

melt is extensive at 900t . It recedes from the partial system Fe-Pd-S at 725t and re­

cedes further towards the Ni-Pd-S boundary at 550t. At 900t, PdS and (Fe,Ni)1_xS do 

not coexist; the assemblage Fe1_xS-PdS-melt is. stable at and below 72St . Solubility of 

Ni in PdS increases substantially with decreasing temperature. Besides Fe Ni-Pd alloys, 

important collectors of Pd are (Fe,-Ni)1_xS, high-temperature Ni3± xS2and (Ni,Fe)9S8• 

(Ni, Fe)S2dissolves up to 1.S at %Pd at 725t. Pentlandite associated with alloys contains 

· measurable Pd contents only when alloys have more than SO at % Pd. The highest Pd con­

tents in pentlandite are observed for alloy-free associations at 550 and 400t. 
The phase system Pt-Fe As-S was studied at 850 and 470~ . At 8SOt , it contains 

the typical assemblages (1) PtAs2(sperrylite) -PtS-PtFe Fe1-xS, · (2) 

PtAs2-PtSPtFe (Pt,As)melt, (3) ~tAs2-PtAs (pl~tarsite)-PtS-Fe1_xS and (4) 

Pts-PtS2-Fe1_xS-PtAsS. Solubilit of Pt in pyrrhotite increases from 0.1 at % to 0.5 at % 

Pt on passing from assemblage (1) to (4). Solubility of sulphur in PtAs2(an i1nportant indi­

cator!) increases from about 2.S at % in (l)to over 15 at % in assemblage (3). At 470t, 

pyrite and arsenopyrite appear;neither dissolves platinum. The principal associations are 
. 

(1) PtA~-PtS-(Pt,Fe), (2) PtAs2-PtS-Fe1_xS-Pt3Fe and (3) PtAs2-FeAs-Pt3Fe· FeS . 
• 
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S-rich regions of the system contain pyrite, pyrrhotite, PtS and PtS2• Sulphur solubility in 

PtAs2exceeds 8 at % . However, in association with pyrite and pyrrhotite, PtAs2contains 

only S at % S. Only traces of Pt are found in pyrrhotite at 470t . Several applications of 

our experimental results to natural Pt and Pd associations will be described. 

GEOLOGY, GEOCHEMISTRY AND ORE RALOGY OF GOLD 
DEPOSITS ING I'l'ES AND AMPHIBOLI'IES OF '!HE: Q ..... 
GROUP, HEBEi PROVINCE, NE-CIIlNA 

• 

G. Morteani and G. Lehrberger, Technical University of Munich, D-8046 Garching, 
Fed. Republic of Ger111any, and Li Zhiliang and Bai Hongsheng, Ministry of 
Metallurgical Industry, Beijing, P.R. China 

• 

In the Yanshan mountains of the Kuancheng and Qinglong County of Hebei 
province several gold deposits and occurrences are known within the Archean 
Qianxi Group. 
The country rocks are mainly amplubolites and granulites with ·magnetite layers, 
which are intruded by later dykes and granites of Proterozoic, Paleozoic and 
Yanshanian (Jurassic) age. 
Syn- and post-Yanshanian tectonic movements caused fracturing of regional . 
dimension forn1ing a block mosaic li1nited by mainly NE-SW and E-W trending 
faults. 
Gold deposition ca-n be observed only along the post-intrusive fractures and shear 
zones. The 1nineralization is regarded to for111 at a late to post-magmatic stage with 
a probable maximum age of 190 My, as deter1nined for pre-mineraJiz.ation granites. 
The gold mineralization is mainly found in quartz veins together with pyrite, 
chalcopyrite, galena and sphalerite. Calcite and fluorite occur as gangue minerals. 
Microscopically gold is found rarely as minute inclusions in early pyrite but 
frequently in fractures of pyrite together with chalcopyrite, galena and sphalerite. 
Geochemically gold is clearly correlated with the quantity of sulphide minerals. 
Particularly an association of high gold contents with high Cu and locally Bi 
contents is evident. Silver contents in the veins range from 25 to 150 ppm. 
Microprobe studies of gold grains show silver contents of 10 to 30 %. 
Wall rock alteration occurs along the mineralized shear zones in the amphibolites 
and the intrusive rocks. Compositional changes in the rocks are used to interpret 
the type and source of the mineralizing fluids. Fluid inclusion studies to detern1ine 
the character and temperature of the fluids are ongoing; stable isotope studies of 
carbonate also provide important infor1nations. 

NATIVE GOLD AND .AJ:lTIMONY IN THE ORE:S OF ANTIMO 
DEPOSITS . OF -KIRGHIZll ~ ·. . . . 
S.K • . ~· Mt1stafinl Ins~i·~ute of geology, A.oademy of scien­
ces ·or· Kir · z SSR, Frunze, Dzerzhi.ns~ogo, J0,720481, 
Kir . z~ SSR, ~ -USSR. . _ 

. • 

The native elements: antimony1 mercu171 arsenJ.c, .gola, 
silver are known in~· the ·ores· of -· ant1moiiial ·· ·a.na· comlex 
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• 

antimonjal~mercuriferous deposits of the Middle Asia 
• - ,. • .. ._ oe ·province. .. . 

Native gold and antimony have been discovered and in­
vestigated in · the ores of antimonial deposits of -·jas~ 
peroid type localized in anticline structures formed 
by Pre-Cambrian marbled limestones and ~ crystalline . 
slates·. ~ Native · gold occurs · as irregular dissemj.nation 
in· quarts of quarts-antimonial ores in the subscreen 
sheet~like metasomatic jasperoid ·deposits~ ·Morphology 
of gold particles is- interstitial, the size · are o,e1-
;_3· mm. ·Tne ·structures of -natural growth; autoepitax1s 
and epigenetic deformations were discovered by means 
of the eleotron~microscopic study. 
Native gold of some generations is met in the ores 
from crosscutting and subconcordant intraformational 

·. zones of crushing the schists laying over jasperoids. 
In early arsenopyrite there was established- syngene­
tic dense ( sometj.mes · with the· plots of thin filmy 
aggregates . ) dissemination of submicrortic rounded na­
tural gold' particles, decorating the zones of growth 
of crystals ·or the mineral-concentrator. · 
In quartz-pyrite ass·ocia tion there are interstitial 
gold particles in quartz• ·The sizes of dimensions ... are 
o ·,01~1· mm., probe is 900•920; the main jmpuri ty is 
silver. ·· · · . · · · · 

• 

Gold .With cloddy and more seldom dendrite-like mor­
phology of ·the secretions ( sizes are · O; 05 ... 4mm·. , ·· 
probe is 890-900 ) associated with crystal-like quartz. 
In the composition o·f · antjmonial ore there are inter­
growths- native antimony and gold with -spongy structu­
re and perhaps formed · at ·the expense or· aurostibite 
decay. Gold has secretions with sizes of · 0;05~5 mm~ · 
and .is characterized .with. high probe ( 990-999 ); an­
tjmony is as an impurity there. 
Native antj,mony · forms continuous aggregates -to 10 sm 
across and makes up 50% Of the m~ss of q~artZ••ant:i~~o­
rdal ore of separate bodies. Antimonite is.fo~ed ~t 
the expense of sUlph1Jrizing the native antJ.mony, that 
is oofifirined by the network structure or - replacement~ 
Antimony is characterized with the absence of visible 
jmpurities. ·Native ·antimony of the 2nd generat~on is. 
found in the granulated quartz~antimonial ore where it 
forms dissemination or more seldom veins with thiok­
ness ·- of 0,01•,•1· mm. The forn1ation of this niinera.l gene­
ration is connected .with dynamic metamorphism of the . . . ores. 
The results of native gold-an.d an.timony -researohed ia 
the complex ores of the antimonial-ooourrenoes· \vi.11 be 
useful enough while ·· solving· the ·probl-em of ·itlinera.liza'j· 
tion genesis and working out the optimum schemes of 
ore enrichment and change • 

• 
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CASSITERITE AND TRIPLITE FROM BERYKUPLI, GOVINDPAL AREA, 

BAST AR DISTRICT, MADHYA PRADESH, INDIA 

V.K.Nayak, Department of Applied Geology, Indian School of Mines, Dhanbad 826004, 

India 

In 1973, the discovery of mineralized pegmatites in Bastar District, Madhya Pradesh, 

Central India, by the State Directorate of Geology and Mining (DGM) and the Geological 

Survey of' India (GSn, upsurged a great interest for potential tim deposit. As a result, sev­

eral researchers and organisations have contributed on various aspects of the Bastar Tin 

Province which covers an area of more than 400 sq. kms. During the last one decade in­

for1nation on geology and structure of the area, nature and types of pegmatites, varied 
. 

mineralogy and genesis of tin deposit has appeared in the literature (Mookherjee et al. 

1979; Geological Survey of India, 1983; Singh and Mukherjee, 1985; Babu, 1986, 1989; 

Lamba and Agarkar, 1988). It is now recognized that the Sn-Nb-Ta-bearing pegmatites 

are unique and appear to be genetically related with the granitic activity in the area . 
. 

This contribution presents the results of polished sections and electron microprobe in-

vestigation of cassiterite and triplite collected in ·1986 and 1988, from zoned pegmatite, at 

Berykupli, Govindpal area (18 ° 42' N : 81 ° 54' E), Bastar District, M.P., India. 

Cassiterite: The examination of polished sections revealed that it contains numerous 

tiny inclusions of diverse nature and these appear to be optically homogeneous or some­

times consist of two minerals. However, 11nder the electron microprobe they are shown to 
• 

contain numerous different minerals, most of them far too small to provide reliable ana-

lyses. One grain is tentatively identified as Microlite and another grain is most probably 
• 

Manganotantalite. The other grains contain variable amounts of Nb, Ta, Fe and Mn. An-
. 

alyses of four cassiterite specinlens show varying amounts of Nb20 5(0.1-1.65 wt. %), 

Ta20 5{0.86-6.48 wt. %), FeO (0.22-1.35 wt. %) and sometimes traces of MnO (0.05 wt. 

%). 

Triplite: The physical, optical and electron microprobe analyses of two specimens 

confirtn the identity of triplite. The mineral is blackish-brown and sometimes pinkish in 

colour. The surface is covered with brown material that sometimes shows pitchy lustre and 

concentric layers of Fe-Mn hydroxides which are considered to be alteration product of 

triplite itself. The Fe Mn hydroxides ftll the cracks and veins in the mineral. The veins also 
. 

contain small grains of columbite tantalite like minerals. Triplite also contains Mn-bear-

ing fluorapatite and different {Fe, Mn) (Nb, Ta)-oxides with traces of Sn and W (0.2-0.5 

wt. % ). Two analyses of triplite gave respectively: 

P 20 532.1, 32.6, FeO 19.9, 19.7, MnO 39.5, 39.6, MgO 0.07, 0.12, ZnO 0.18, 0.36, CaO 

2.09, 2.58, F 8.26, 9.08, Less 0 = F 3.48, 3.82, Total 98,62, 100.22 wt %. 'l'his l~ads to the 

for1nulae: · (Mn2.soFe1.24Cao.11M&.01ZDo.01) {P04)2.03(F 1.920H0.os) and 

(Mn2.47Fe1.21Cao.20M&.01Zno.02) (P04)2.03F 2.11in both cases with double for1nula-unit. 

Based on mineralogical and chemical considerations of the Sn-Nb-Ta and rare metal 

pegmatites, a genetic model is proposed and discussed. 
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S'l'Ul>Y ON BOURNONITE FROM Y AOGANGXIAN,HUNAN, 
CHINA 

NIU Xinxi, WANG Wenkui~ BI Xiarunei, China University of Geosciences 
• 

(Wuhan), Wuhan 430074, P. R. China 

BotJrnonite is a common sulf osalt mineral occurring in hydrothermal 
veins f or1ned at moderate temperatures, associated with sulfide of Pb, Cu, Zn 
etc. and quartz. In China, as we know, the only place, where well developed 
and wholly remained crystals have been found, is Yaogangxian in Hunan 
province. The present paper provides a significant result of study systemati-

. cally on the physical and che1nical properties and crystal morphology of 
• 

boumonite crystals from Y aogangxian, by means of optical I electron 
1nicroscopy, electron microprobe analysis and crystallometry. 

Yaogangxian tungsten ore deposit shows a typical "five- floor building'' 
structure. The bo11rnonite occurred mostly in the 49-501 vein of 16th mining 

• 

level (820m above sea level), some in idiomorphic and others in massive. 
Crystals of bournonite were found in geodes of that vein, associated with 
chalcopyrite, sphalerite, galena, stannite, stibnite, tetrahedrite and jamesonite 
etc .. It is steel grey to lead-greyish in colour, black-greyish in streak, opaque 
with metallic luster. Its cleavage (010) imperfect, fracture is uneven, brittle. 
Microhardness is 159.8 kg/ mm2

, and the relative hardness observed from 
• 

polished surface of section is higher than that of galena. Specific gravity is 
5.84. Reflectivity is 16.24% in average at a wave length of S30nµ, smaller than 
common probably because of the imperfection of polished surface. Chemical 

T bl 1 th EPMA d t f b ·1 I a e . e aao ournon1 e .. :. iSta s. 
No Ag Cu Sb As s Pb Bi Zn Fe Total 

1 0.070 12.933 24.063 0.402 20.363 41.740 0.411 0.000 0.017 99.999 

2 0.006 12.787 24.527 0.574 20.336 41.582 0.192 0.013 0.017 100.034 • 

3 0.002 12.789 25.094 0.332 20.887 40.673 0.160 0.019 0.008 99.964 

4 13.01 24.91 19.69 42.40 100.00 

Note: 1, a long-prismatic crystal; 2, a granular crystal shown in fig.1; 3, a massive com-

pact; 4, calculated from its ideal f or1nula PbCuSbS3• 

composition of boumonite crystal from Yaogangxian measured with EPMA 
is in table 1. Compared with the composition of ~oumonite calculated from 
the ideal for1nula and others from C. Palache (1946), this is a typical 
bot1rnonite undoubtedly. The formula derived from these data is 

(CUo.9464ZD.o.oooaFeo.0012A&.0009}0.9493Pbo.9:w1(Sbo.Ms1Bio.oos1Aso.0212)0.91aoS3. Sim­
plified to CuPbSbS3• 

Bo1irnonite belongs to orthorhombic crystal systetn. There are three types of 
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crystals in Yaogangxian: long prismatic, 
short prismaatic and granular 
crystals.Some of them twined or I and 
regularly connected quite complicatedly. 
Generally, its fhkO} faces striated 
vertically, (100) and fhOI} faces sometimes 
striated horizontally,f 010} face and f 001} 

• 

faces smooth. Crystallometry shows 
that,the heavy striated irregular prism 
faces and (001) are well developed 
whileother ter1ninal faces seldom occur on 
long-prismatic crystals usually; on 
short-prismatic crystals, common prism 
faces af 100}, bf 010},mf 110} and ter1ninal 
faces cfOOl},oflOl},yflll}, nfOll} and 
uf 112} generally developed equally and 
regularly, and twins very com1non, re­
peated to complicated aggregates; 
granular bo111·nonite crystals were almost 
the same as short-prismatic crystals, only 

• 
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Fig.1 The ideal drawing 
of a granular bourno­
nite crystal. 

its terminal faces seem to more develop with respect to short-prismatic one . 
• 

Fig.I is an ideal drawing of a granular crystal of bournonite from 
Yaogangxian showing the development of single f or1ns. 

THE FORM OF ORE BODIES IN RESPECT TO 3 .. ~<,, 
THE ORIENTATION OF OLIVINE · 

Paulitsch, P., Institute for Mineralogy TU Darmstadt, 
During the last few years, we have analysed the prefer­
red orientation of olivine in various paragenesis by 
optical methods, using the x-ray texture goniometer, 
as well as the x-ray universal stage (developed in the 
Darmstadt Institute) and the electron microscope.Oli­
vine demonstrates great diversity in its orientation 
in relation to magmatic lamination. 
1. The orientation of the crystal face (010) - parallel 
lamination - is widespread. This orientation is also 
found in basalt nodules. Because of this widespread 
distribution in· shists as well as in basalt nodules 
and peridoti tes, this type _can be designated as ''Durch­
laufer''-fabric; PAULITSCH, (1979). 
2. The crystal faces (010) of pure metamorphic olivine 
rocks from the Alps, New Zealand and Japan form an 
(ac)-girdle with the rotation axis as a folding axis. 
3. Occasionally there is a recrystalization of the 
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olivine crystals. This is depic.ted in a new type of 
orientation. Within an (ac)-girdle this results in the 
formation of a concentration in (HOL)of the peridotite. 
4. With magmatic fluid olivine fabrics, the olivine 
crystals are laminally formed to (010); the crystal 
alignment (001) lies in most cases in the direction of 
the flow. The localities Skaergaard and Stillwater can 
be named as examples. 
5. Olivine does not only appear as a mineral in the 
earth's crust. If olivine comes from the earth's man-. 

tle, it still demonstrates a relict orientation from 
the underground. It is the pref erred orientation of 
the optical coordinate N-gamma. 
6. Also, olivine crystals which have been found in 
.meteorites demonstrate a particular orientation. In 
·this case, the ( 110)-faces lie parallel to the plane 
of the deposition (Keil, USA.). 
7. In rare cases a two-crystal position has been 
observed in olivine-fabrics. There then exists a 
twin-fabric, (Ladurner, 1956, Turner 1942). 
8. In peridotites from Norway, there occur both hori­
zontal as well as verticale fold axes. In isolated 
rocks, both fold axes are present at the same time 
(Ekr~msater, Norway) .-·-·In addition, there are also oli­
vine girdels which are at an acute angle to each other 
(Aalesund). 
Therefore, at least 8 types of olivine orientation 'can 
be shown whose formation can be associated to the 

• 

mantle, the crust and meteorites. 
The shapes of chromite ore bodies are connected to 
these observed types of olivine orientation. They can 
be differentiated accordingly: 1) parallel (ab) layered 
chromite -bodies, 2) ( ac )-chromite bodies which are 
perpendicular to the fold axis _(Clar, Hieslei tner, 
1948) and 3) chromite layers which cross the magma-
tic layering at an acute angle (Paulitsch, 1953) 
Anghida, Greec·e. 
The different geometry of ore bodies is also connected 
with a different chemical chromium concentration. 
The amount of chromium content in (ac) layers is 
higher than in (ab) layers. Analogous connections to 
further deposits for iron and titanium are also known . 

• 

Determination of the Orientation of Olivine Using the 
Electron-Microscope-Universal-Stage.- Texture, Vol. 1, 
p. 209, 1974: Doering, E. & Paulitsch, P. . 
Olivingefiige.- Fortschr. d. Min .. , Bd. 57, 1979: 
Paulitsch, P. · 
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CHROME,·SPINELS IN SULFIDE ORES ASSOCIATED WITH PRECAM­
BRI.O NORITE-DIORITE INTRUSIONS OF VORONEZH CRYSTALLI­
NE MASSIF (EUROPEAN PART THE USSR) 
A.N.Plaksenk:o,Voronezh State University,Voronezh, 
394693,USSR 

By means of electrone microprobe ana1ysis typomorph­
ic features of chrome-spinels and associated sulfides 
from nickel-cobalt ores-related to norite-diorite intru­
sions of early Proterozoic peridotite-gabbronorite rocks 
of Voronezh Crystalline Massif have been ivestigated. 

Three generations of chrome-spinals differing in mo­
rphological features,internal fabric and chemical compo­
sition related to certain stages in the ore formation 
process have been distinguished. 

Chrome-spinels 1 are represented by euhedral homoge­
ni ous octahedra enclosed in sulfide matrjx. They are 
characterized by unusuall high concentrations {table) 
of Cr 0 (59,81-63,42 wt~% ,low Mg0(0,30-1,82 wt.%),pra-· 
ctica bsence of Al o (o,oo~o,os wt.%) and consistent 
trace am01.1nts of MnO 0:15-2,22 .wt.%),Zn0(1,02-1,69 wt.%) 
and VO (1,79-2,43 wt.%),which reliably differ them from 
accesfioty chrOme-spinels inmineralized nOrites. Specific 
f ea ture of their interna1 fabric is constant occurence 
of idiomorphic sulfide inolusions,represented by assamb­
layes of phyrrot1te or phyrrotite-pentlandite,reraly, 
phyrrotite-chalcopyrite. All these facts lead the auth­
ors to the conclusion of chrome-spineis to have crystal­
lized directly hrom an oxide-sul,fide melt, what is in 
full agreement with liquation-magmatic genesis model of 
sulfide ores associated with norite intrusions. 

Chrome-spinals 2 are representel by a.nhedral grains -
intergranul~r to large sulfide aggregates often in asso­
ciation with st1l,pharsenides and devoid if sulfide inclu­
sions. From spinels 1 they differ by notably lower con-

and higher o tents of Al2o3(7,50-11,88 wt.%) and ZnO 
(2,18~4,48 wt.%). 

Chrome-spinels 3 occur exeptionally as rectionary 
rims around silicate grains enclosed in sulfide matrix. 
Specific feature of their composition is further depleti­
on in Cr 0 (38,80-40,26 wt.%) and considerable enrichment 

Th thors consider the origin of crome-spinels 2 
and 3 to be the result of metamorphic recryslallization 
of primary sulfide ores and the origin of spinel phase 
on the sulfide-silicate boundary is determined by the re­
actionary interaction processes between the latter two 
which lead to the formation of excessive Al and Zn dif­
fusing from silicate and Cr and Fe - from sulfide. 

Thus,the data obtained conoernjng the variability in 
morphological types and chemjcal compositions of spinals 
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in the sulfide ores suggest that the latter were formed 
as a rem1l t of complex rrrul tistage ·processes including 
magmatic (major) and metamorphic (secondary) stages in 
ore genesis. Table 

Component 
I 

TiO 
Al 

• 

cr2o3 
Fe2o3 
Fe 3 
MgO 
MnO 
ZnO 
v 03 
N 0 
coo 
Total 

Electron microprobe analyses of typical 
chrome-spinals from suJfide ores 

Generations 
II • I I, 

I I I I: ·2 a II I I I I 

I 7 3 I I ii I I I I I I 2 I 

0,02 0,8 0,03 
0,06 7,50 20,73 

60,50 52,09 39,80 
5,60 5,56 3, 61 

28,82 27,46 28,82 
0,80 0,30 0,32 
0,95 0,72 o,oo 
1, 51 3,85 6, 12 
1 ,82 0,93 0,46 
0,03 o, 10 o,oo 
0,09 0,09 o,oo 

100, 20 99,40 99,89 

A.A.Sliouniaev,Laboratory of Mineragraphy,IGEM 
Academy of Siences,Moscow,109017,USSR 

• 

2 

DISTRIBUTION AND CHE:MICAL STATE OF GOLD, SILVftlR 

2 1 I 

2 

AND ADMIXTURES . ON THE NATIVE·· GOLDMSURFACE. R.A.Amosov, 
Yu.V.Schegolkov9 V.Sh.Ivanov. TCNIGRI, Mj.ngeo, Moscow, 
Warshavskoye· sh.,129 B, 113545 USSR. · 

.. . . . 
The X-ray photoelectron spectr~scopy (XPS) has shown­
that silver accumulates iri the near-surface layer of 
native· gold from primary ore deposits and it has been 
confirmed that silver content commonly decreases on . 
the surface of gold grai.ns from weathering · crusts and 
oxidation zones /1/. The AES and SIMS methods permit­
ted to identify O, C, S, CI, B, F, Mg, Al, Na, Ca, K 
on the surf ace of primary and placer gold. The 0 and 
O being adsorbed from the atmosphere, as, is supposed, 
while. chemical state of the other elements is not dis­
cussed /2/. We recorded Auger- and XP-spectra of se­
veral dozens gold grains from primery and placer de­
posits as well as Auger-spectra of 14 reference gold­
silver alloys. For analysis of element distribution 
scanning and ion bombardment have been applied. The 
principal results are as follows. 
1. For the reference alloys having composition bet­
ween 95%Au+5%Ag and 5%Au+95%Ag a linear relationship 

• • 
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between fineness and value H69eVAu/(H69eVAu+H351eVAg) 
intensity ratio has been established. This allows ·to 
assay native gold within the ·· whole range mentioned · 
above without usjng ·element sensibility· coefficients. 
2 ·~ The o, s, Ag, Fe, C, Al, Pb, Hg, .. Te have been iden­
tified on the· surface of placer gold. ·A lateral dist­
ribution of these ~.elements is homogenous (for o, s,c) 
or discrete ~ in form of circular, elliptical and ~ing 
islands. A successive scanning of one portion of the 
surface i.n characteristic emission of the elements · 
identified by spe·ctra allows· to determjne ·morphology 
of individual phases and their provisional comp·osition 
by coincidence of the areas of concentration of dif­
ferent elements, such as silicon and oxygen (SiO ), 
aluminium and oxygen (AlOOH?), mercury and sulfu~ (HgS) 
and so on. The deterinination of AuCxSy and AgAlxOy 
phases seems to be most interest indicating the Au and 
Ag ·separation in hypergene conditions. The· growing mi­
neral phases have distinct boundaries. and ass9tiate 
with ·mech.anical substrate defects s·uoh as slip. lines . . 

originatjng during transit~ . .-· In the periods of buryi.ng 
placer gold in intermediate collectors thin layers of 
iron oxide precipitate Gn ·the gold ,surface thus ·pre­
v~nting from nucleation of other m~eral. phases. In 
particular, ~e~cury sulphide incrustations are selec­
tively developed on the gold particles free of iron 
oxide. · · ·· · 

• 

3. The~ primary gold surface contains a relatively small 
set of admixtures. A permanent P.resence of sulphur, 
oxygen and .. c~bon, s~qmetimes, iron is recorded; their 
lateral di.stribution is commonly homogenous. , . 
4. To . specify chemi.oal stS;t~ · 9t~ - gold ·the Auger-spe·ctra 
of synthe~ed ~gold ~~p~ide, ·oxide and chloride have . 
been analyz·ed. When comparing metallic and native gold 
spectra .with those of gold compounds, some peculiarl~ 
t ·ies .· of detailed peak structure were recorded that · · 
~llowed- to suppose chemically bowid state of part of 

· goid ln primary deposits: there is· a difference bet­
ween primary and metallic gold in ratio of peak al~ 
titudes in· NVV-doti.blet a·nd detailed structure of peaks 
j,n the 140-170 eV interval. 

· · References · · 
1 • Nefedov V. I., Zavoroncov N .M., Matchava.ria,ny G. V. 
a.o. Surface, 1982; M4,p.I44-I49• · 
2. Petrovskaya N.V., Aleshin V.G., Novgorodova M.I., 
Nemoshkalenko Vo V. Dokl. Acad.Sci. USSR, 1987 ,N5·, 
p.1241-1244 • 

• 
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THE PETROLOGY AND MINERALOGY IN A TIN-DEPOSIT RELAT­
ED WITH ALKALI- GRANITE IN EASTERN JUNGGER, XINJIANG, 

• 

CHINA 
• 

Shen Xiangyuan, Bi Chengsi, Xu Qingsheng, Institute of Mineral Deposits, Chinese 
Academy of Geological Sciences, Baiwanzhuang Road 26, Beijing 100037, China 

The tin-deposit discovered lately located in the west part of Eastern Jungger 
• 

district, Xinjiang, China. The ore bodies lie in a riebeckite-granite. By means of the 
• 

research of the petrology and mineralogy for this granite and tin deposit, it is con-
firmed that the deposit is closely related with alkali-granite. There is an assemblage 
of cassiterite, quartz, riebeckite. hematite and magnetite which app~ared hardly ever 
in nature, and it could be no report on this type of the association till now . 

The chemical composition of this riebeckite-granite is characteristic by high 
Si02, enriched in alkali, K 20 > Na20, poor in CaO and MgO, lower in A120 3and 
Ti02, (K20+Na20) I Al20 3 = 0.997. The graphic, granophyric and myrmekitic struc­
tures made by alkali feldspar and quartz are developed well. A small amount of 
metapegmatite appeard incompletely in the granite. Major rock-forming minerals 
determined under microscope are quartz(38 % ). perthite(l 8 % ), albite(Or0.5A b99.5, 

6%), K-feldspar(Or95Ab5, 29%), the microcline with quadrille structure(4%), The 
• 

triclinicity(6 131) of K-feldspar is 0.879. The order degree (£5) is 0.8, They are maxi-
• 

mum microcline. There is no plagioclase in the granite. Mafic minerals(l -1.5 % ) are 
• 

mainly riebeckite and aegirine, in general they are tin-bearing. The main accessory 
minerals are composed of orvillite, sphene, hematite, magnetite, fluorite , cassiterite 
and rutile etc. According to QAP classification, it is alkali-granite for all plotted 
points gathering near or on the QA line. Its abundance of the trace elements were de· 
termined: Sn(12ppm), Pb, Bi, F, are on the higher side, also the bigger cations Zr, 
Ga(22ppm) and rare earth elements. 

• 

The mineralogical and petrological charactristics involved in all above are 
simillar of Kuiqi alkali-granite, Fujian, China, the A-type granite in Australia and 

• 

the anorogenic alkali-granite in Africa. 
The mineral composition in the tin-deposit is close to that in the 

riebeckite-granite, but it is quite differ from other type of tin-deposits. The ore min­
eral assemblage is simple, the major is cassiterite and he1natite, the second specularite 

• 

and magnetite, and it could be seen that some stokesite and hydro-cassiterite are 
around the cassiterite. There are less sulfide in the ore, such as chalcopyrite, 

' 
pyrite, chalcocite, bornite etc. In the gangue minerals, quartz is over 90 °/o, the next is 
riebeckite, aegirine, a few flourite, sericite, tuhualite and rutile etc. The content of the 

• 
• 

riebeckite and aegirite in ore is about 1 %-5%, both of them are tin-bearing miner-
als, their Sn-content is about 10-20 times higher than that in these two minerals 
from granite. 

. 

The ore has banded, lumpy. and ring-like structure. In the section, it is much 
obvious that cassiterite is in the center of the band, hematite is mixed with cassiterite 
or filled in the broken cassiterite, the riebeckite and aegirine are around cassiterite 
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Table: The average content of Sn02(%) in riebeckite and aegirine measured with 
electron micropro be 

occurrence 

riebeckite 
• • aeg1n11e 

in granite 

0.03 (n = 3) 
0.22 (n = 1) 

• • 1n ore-v1en 

0.68 (n= 2) 

1.82 (n=2) 

and hematite, the aegirine is replaced by riebeckite, and quartz is in the most outside . 
• 

• 

Therefore the forming sequence of the minerals is cassiterite-magnetite-hematite-
quartz-aegirine-riebeckite-quartz. The hematite is acicular and foliated aggregate. 
The hematite and magnetite had several forming ways including both replacement 
and cavity filling: (1) residual magnetite in the hematite, (2) pseudomorphous 
hematite, (3) lattice replacement hematite in the magnetite, (4) hematite pellets in the 
hematite vein. It indicates that the fugacity was higher at first , then turned into low­

er in the mineralization. 
There are abundant inclusions with lower gas I liquid ratio in the quartz from 

the ore-bearing veins. The ore-forming fluid composition is K+-Na+-c1- (F) type. 
The homogenization temperature of quartz is 334t (270-400t ). The decrepitation 
temperature of the cassiterite is 409t (375-475t ) (without pressure correction) . 

• 

The saltness (measured with freezing method) is lower, about 3.4°/o(0.2-6.4°/o), the 
density about 0.6-0.68g I cm3

. Thus the mineralized fluid is a kind of fluid which has 

higher temperatute, lower saltness and density. 
... 

DETERMINATION AND SIGNIFICANCE 
HARDNESS OF PYRITES E:x:PERIE:~H3J 
AND METAMORPHIC GRADES IN TWO • 

OF INDIA. . 

OF MICROINDENT~TION 
DIF'F'e:Re:rvr DIAGENETIC. 

SULPHIDE DEPOSITS 
• 

• 

K.L. Shrivastava, Department of Geology, Faculty of 
Engineering, University of Jodhpur, Jodhpur, 342 001, 
India. 

In the present study, microindentation hardness of pyrite 
samples collected from a wide and graditional range of 
geological conditions covering early diagenesis to high 
grade metamorphism at Amjhore pyrite --· deposit and Raj­
pura-Dar iba polymetallic sulphide deposits of India 
have been presented to establish a relationship of Vicker 
Hardness Number (VHN) with the increasing grades of 
diagenesis and metamorphism. 

The · most common VHN detennination method have been emp­
l oyed using Vickers indenter on polished pyrite surf ace 
under reflected light microscope and calculations nade 
on the basis of indentation. To minimise the errors 
by variations in load and tirre applied, mineral texture, 
orientation, composition, bound strength and unit cell 
relationship: each category of pyrite sample has been 
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• 

determined as many as 75 ± 5 times with fixed 15 
second duration of loading and l .oads of 100 gf and 200 
gf for half and rest of the half samples respectively. 
The average values so determined have been taken into 
consideration for each category of samples. 

In sedimentary Amjhore deposit, the globular and frarn­
boidal pyrites from carbonaceous shale layers, nassive 
pyrite from thick pyrite layer in carbonaceous shale 
and massive pyrite also cemented with secondary pyrite 
from pyrite bed stratabounded within carbonaceous 
shale s~owing VHN 850, 1153 and 1235 respectively. In 
Syn-sedimentary metamorphosed polymetallic Rajpura­
Dariba sulphide deposit, the pyrite samples collected 
from . mild~y meta~orphosed calc-silicate rock1.. garnet­
graph1 te-m1ca schist, coarse diopside vein in calc-

~ silicate rock and kyanite-graphite-mica schist 
. 

demonstrated the VHN as 1032, 1265, 1480 and 1530 
respectively. • 

It is concluded that in general, the results show a 
directly proportional relationship of VHN with the 
grade of diagenesis and metamorphism of pyrite samples 
encountered. The sudden decline in the VHN at 
the initial stage of metamorphism, an exception to 
the above generalization has probably occurred be­
cause of accompanying recrystallization at this stage, 
which may release the stored energy. However, meta­
morphism too, in rest of the s·tages, ieads to substan­
tial hardening as advances to the higher grades. 

GEOCHEMISTRY, RB-SR AND OXYGEN ISOTOPIC COMPOSIDON OF 
YANS G OIDS IN 'IHE ANJIA YINGZI GOLD DISTRICT, 

.._R MONGOLIA, P.R. CHINA: CONST ON 'I'HE AGE OF 
MINERALIZATION 

R.B. Trumbull, Technical University of Munich, D-8046 Garching, Fed. Republic of 
Ger1nany · 
M. Satir, Institute of Geochemistry, University of Tiibingen, Fed. Rep. of Germany 
Sun Qizhen and Quo Deyou, Ministry of Metallurgical Industry, Beijing, P.R. 
China. 
The Anjiayingzi gold district of southern Inner M?ngolia is located in a.fault­
bounded uplift cored by late Archean metamorphic r?cks and Yansharuan (late. 
Mesozoic) granitic plutons. Most of the gold product!o~ comes from P?lym~tallic . 
sulfide-quartz veins associated with fracture zones w1thm the Yan.shan1ai:i J1gua!1Z1 
granodiorite. The Jiguanzi pluton intrudes the much larger Kalaqm gra?1te, which 
is also assigned a Yanshanian age. Although the same s~ructures occur m both 
granitoids only the Jiguanzi hosts important gold deposits . 
Porphyr.itic rhy.olite dike~ cut both granitoids ~ong t~e s.ame fracture system as the 
mineralized vems. The dikes are pre- or sy - 1[.ali_zat1on: . . 

• 
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Kalaqin and Jiguanzi plutons and rhyolite dikes seeks to clarify the age of the 
1nineralization and the origin of the host granitoids. 
The fallowing results were obtained by the Rb-Sr whole-rock method; for the 
Jiguanzi granodiorite whole rock and mineral data (K-feldspar and biotite) were 
combined. 
Kalaqin granite: 164 ± 6 Ma; 87sr 86sr)i = 0.7063 ± 9; MSWD = 1.55 
Rhyolite dikes: 122 ± 1 Ma; ( Sr/ Sr)i = 0.7061 ± 4; MSWD = 0.53 
Jiguanzi granodiorite: 128 ± 1 Ma; (87Sr/86Sr)i = 0.7057 ± 3; MSWD = 2.2. 
These data confirm the Yanshanian age for the gra~itoids, and show that there 
were clearly two phases of magmatism. The initial 8 Sr / 86Sr ratios of all three 
granitoids are nearly identical at 0.706. The rocks are considered to be juvenile; 
they cannot have originated by partial melting of the Archean basement, which 

• • • • • • contains s1 cant grarut1c components. 
The gold mineralization is related to the younger of the two magmatic events. Its 
age is less than or equal to 122 Ma, which is the age of the penecontemporaneous 
rhyolite dikes. 'Ibis age is confir1ned by single mineral ages of 123, 120, and 118 Ma 
for K-feldspar from intensely 1nineralized and altered zones in the Jiguanzi 
grano.diorite. . 
Unaltered samples of the Jiguanzi granodiorite have del 180 values of 7.9 - 8.1 per 

· mil. Samples adjacent to miner~ed zones and those near the pluton co~tacts are 
. depleted in 180 by up to 5 per mil. . . . 
All rhyolite samples are strongly d~pleted m 180, with a range m -yalues fr~m -0.5 to 
5.2 per mil. The depletions are attributed to hydrothermal alteration associated 
with the n1ineralization. . . . . 18 
The unaltered Kalaqin gramte has del 180 values of 7-8 per mil. Depletions m 0 
of up to 5 per mil at the contact with the Jiguanzi granodiorite are attributed to 
hydrother111al alteration associated with intrusion of the latter pluton. 

TYPES OF 
RHODOPES 

SURFACES OF ALLUVIAL GOLD IN THE EASTERN . 

Vendulka Tsvetkova-Goleva, Geological Institute of 
Bulgarian Academy of Sciences, III3 Sofia,Bulgaria 

Allu~ial nuggets £ram sediments .and bed rocks of 
Kulidjick river .are studied with S.EM and electron 
.microprobe analysis. 
The area of drainage includes two different fields 
o:f supply: Po.leogenian dreccia.-conglomerates (left . 

• 

tribularies) -and old phillitee and gneisses (right 
. 

tri bulari e s). 
A high £ineness of gold is establisched - 87-90 % of 
material more than 850 and 27 % more than 972. 
The schape, frequency and content of nuggets in the 
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sediments .from the two areas are similar. There is a 
considerable change · in the content of Cu and Hg which 
predominates in the. nuggets fro~ the left tribula-

•• ries. 
• 

The main differences can be·distinguisched from the 
features of the nugget's surfaces. The types can be 
summaris~d in the following groups: 
I. Phenomena connected with marks of mecanical influ­
ences - grooves, trails and imprints (simple ~nd com­
plicated),all of them with (or not) crystal" g~owth • 

• . 

·. 2. Corrosion sur.f <=1ces - listen-like, mushroom-like 

or lump-like surf~ces with (or not) crystal growth. 
·-

3_.Growths with idiomorphic crystals: cuoes, octaed-· 

res and cubeoctaedres, globules, spirals and fern-
• 

leaves. 

4. Strongly variuted surfaces with pits, holes with 

different size and debth connected (or not) in chai~ 
• • 

• 

nes, craters, fissures and typical 
The types ·J. - 3 can be observed on 

shears of joint. . . 
-

• 
the nuggets surfa-

• I 

ces on the ~wo areas. The typ 4 is spreaded in the 
nuggets £rom the metamophic rocks. 

On the basis of this data an attempt is made to use 
the peculiarities of the nugget's surfaces to reach 

• 

a conclusion about genesis, transport' s condi.tions 

and di.agenetic modifications of the alluvial gold. 

PYRITE - PYRRHOTITE RELATIONSHIPS IN NATURAL AND SYNTHETIC 
SYSTEMS : SOME NEW OBSERVATIONS. 

David. J. Vaughan and Alistair Lennie, Department of Geology, 
The University, Manchester M13 9PL, England; James R. Craig, 
Department of Geological Sciences, Virginia Polytechnic 
Institute and State University, Blacksburg, Va 24061' U.S.A . 

• 

. Pyrite - pyrrhoti te -relations are very important in 
conditions of formation in sulfide ore deposits, but 
well characterized at higher temperatures. A 
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examination of the existing experimental data has been 
undertaken and preliminary new data acquired from 
electrochemical aeasurements. Both published data on 
composition and structure of naturally occurring pyrite -
pyrrhotite assemblages, and new determinations from a wide 
variety of deposits, have been collated so as to employ these 
data as the results of '.'natural experiments''. In particular, 
coexisting pyrite porphyroblasts that have grown in contact 
with pyrrhotite . during retrograde cooling of metamorphosed 
massive sulfide deposits preserve evidence of the changing 
compositions of coexisting phases as a function of temperature. 
Compositional gradients have been recorded in hexagonal 
pyrrhotites from deposits such as those at Ducktown, Tennessee, 
with increasing distance from large ( > 10 cm) pyrite 
porphyroblasts. The compositional variations reach up to 0.3 
at % Fe over distances as great as 30 mm and also provide 
insight into the diffusion processes operative in this system . 

• 

. 

ACRYSTALDRA G OF JAMESONfl'E, DACHANG, GUANGXI 
• 

WANG Wenkui. NIU Xinxi, China University of Geosciences (Wuhan), 
. 

Wuhan 430074, P. R. China 

English mineralogist R. Jao1eson discovered june1onite in ·Cornwall, 1820. As for 

crystal. with remarkable faces is . so rare, that no reliable drawing of crystal for111 
. 

recongnized during the past 170 years. In 1914, Slavik worked on this problem and gave 
. 

one drawing of top view. But V. Goldschmidt wrote in 1918 and 1928 that Slavik's work 
• 

is questionable. 

Great quantity of ja1nesonite occurred in Dachan1 tin deposit as pri11natic and 
hair like aggregates. Three grains of jamesonite crystal with rather good faces are found~ 

and one of them has been studied in detail aa the followin1. · 

1. Chemical composition: 

Pb4.016(Sb,.,,..A&o.215SDo:115Bio.G02lno.oa>,.HJ(Feo.1,eMDe.-ZDt.e16>. .• 1S14 
2. X ray powder diffraction data: 

4.080(34), 3.841(33), 3.709(16), 3.425(100),3.088(27), 2.950(20), 2.722(34). 

3. Physical properties: 

Steel grey, short prisrnatic, metallic Juster, and opaque. Microhardness 

l 13kg/ mm2,alculated a1 Mob's hardness 3.3. Practical specific gravity ii S.53. 
4. Data of goniometry: 

Monoclinic; prismatic-2 Im. 
a: b: c = 0.81021 : 1 : 0.20908, {J·= 91 • 52.51 

p8: q0: r1 = 0.25806 : 0.20897 : I 
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r2: p2: q2 = 4.78538: 1.23491 : 1, µ= 88 ° 7.S' 
• 

Po'= 0.25820, Qe1 = 0.20908, c' = 0.03274 

S. The practical and ideal crystal drawing of jamc1onitc ia shown in fia. 1 a and b 

respectively . 
• 

The crystal drawing of ja111esonitc occurred in Dachang fills the blank of crYstal 

for111 in the world mincra_logy, since the discovery of the mineral 170 years ago . 
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Practical .(p8raiiel intergrowth, a) and ideal (b) crystal drawing of jamesonite, 

Dachang, Guangxi, China . 
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o_ THE EXPERIMENT OF MIGRATION AND DEPOSITION 
J,EAD ZINC IN QINGCHENGZI iEAD-ZINC ORE DEPOSIT IN 

o_ G PROVINCE . 

Yu, Tianjin Geological Academy of the Ministry of Metallurgical Ind11s­
ianjin 300061, People's Republic of China 

• 

Some rules of migration and deposition of lead-zinc in Qingchengzi 
• 

lead-zinc ore deposit have been reserched with the high-pressure and tem-
perature experiment. Onthe basis of the geological environment of the ore de­
posit. experiment conditions are selected. By means of studying on the 
physic-che1nical conditions of ore formation, the temperature, pressure, 

• 

PH-value and ore-forming component in ore deposit have been ascertained. 
The samples of galena and sphalerite were gotten from Qingchengzi deposit. 
The mono-hole high-pressure caldron made of titanit11n-steel was used ·r or 
experiment. 

We can get some conclutions from the experiment: 
I. When pressure and PH-value are not changeable the solubility of 

galena and sphalerite increased with the rising of the temperature . 
• 

2. As temperature; pressure and PH-value are constant, the solubility of 
• 

lead and zinc has been raised along with the concentration of the· medium. 
' 

3. When temp~rature, pressure· and medium concentration are constant 
the solubility of galena and sphalerite is very low in alkaline solution. the sol-
• 

ubility rised as the PH- 5.5 in acid solution, and when PH-value is 3.1 the · 
solubility of lead and zinc grows quickly. 

4. The solubility of lead-zinc is lower in certain extent when some 
CaC12 and MgC12 . is added into solution. 

The experiment in solubility of galena and sphalerite shows that 
activation is controlled by such factors as temperature, concentration and 
PH-value of the medi111n. lligher temperature and medi1i1n concentration, 
lower PH-value are favorable for activation and migration of lead-zinc, 
conversely, favorable for deposition and concentration of lead and zinc. The 
inclution composition shows that the major anion in the ore-forming fluid is 
Cl- , so that lead and zinc in it are transported in the f onn of chlorite com­
plexes. 

The mechanism of migration and deposition for lead and zinc has the 
lead and zinc geochemical characters, the complex thermordynamic proper­
ties of lead and zinc, and the principle of solubility product, besides, 
carbonate rocks which contain many calcium and magnesium ions influence 
deposition of lead and zinc in some extent. 
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STUDV ON A MIND OF UHDEFINED MINERAL WITH PERFECT CRVSTAL MOR 
-PHOLOGY<WE TEHPORARILV CALL I 'I' CilENJ<IAHI TE },OR CONVENIENCE.> 

WEI TieJun. Co~Mitt~e Policy & Legislation Depa~tMent oE Hin­
i:»tz.y oi Ceolt1!1Y & H.ia•~•·dl ii~sou.1•l;ti1S,.Bt!ijing .1908J.2,.P.R.C. 

WANG Wenkui.C}1i1ail Univex•sity ot· Geosci~11ces,Hubei 43~974 • 
• 

J.. Geological occur~e••ce 
Cl•enxi a11 i te occu~·s i 11 the oxide zone oC .Fe.- Mn-Multi Metal 

• 

depos i t 0£ Ma1aaos}acln .. Cl1t!11xi et•• .. llu1•an. Chi r•a. 'f Jle c:A.u tl•ors £ i x-s t 

discovered it i1l J.987 . 
• 

2. Cl1eMi GcAl cu.-..,o!> i t ion 

Cl•enxia11it~ is studied witl1 SEM .. elect:ron probe and cJ-.e111i 

-cal dflal y!. i :s. T lat! cl•~Mi cal analysis i:•e!>'-ll t. is: 111102 < 59. 61.). HnO 

(18.44>.Ph0<?.9i>.Zn0<9.6),CuOC0.993),Al20!(3.95>,Fe203(9.29) 
H20~?.Q5),SiOa<1.ei>,H90(9.12>.Ca0(Q.24>.HalO<G.95>.K~0(0.29> 
TiOiO. 907). Ba0(9. 28). 'l'l•e ca.lculdted c~11ystal 1ocl•eMical £ox•Mula 

is illMn3MnsOt6<0H>9. 

3. Crystal Morphology 

C.t"yS tal •••!11 ~ Mec:llSU.r•eM~n t or \;)aenxi d.ll i te by use 0£ p~:rCec t 

g~~in<i-2MM i•• size> gives its convincing c~ystal Mo:rpltologi­
cal d.-.awi 11g a.rid co11s t dla t ( P • ::;..1. ~662. C:::.Q. 9234, Pr =6.1. ~0- P.o=46 .. &', . 
Cl•enxia11i te is belong to trigu11«Al scalenol•edral class D3J.-3,..( 

L3 3L2 3PC>; i t~ MUl•OMUr-pJ1i SMS ell¥-~ : r-C.teii.>. ~<e.ti2:r .. s> <et>6.1J-. - -a<.1.129)- • M<.lfaJ.9}. • 

4 • C~ 11 ~a.1•CAM~ t ~ r 

l"Jae powder difl:raction dat~: 7.532<29>-3.975<31a>,.3.427(J.9) 
2.963<61>#2.528<.199>.a.ie9<5~); cell paraMeter : a=S.73762. 
c=8.u9993<~>.z~1. 
5. PllYS i ca.l cl1a:rac ter . 

Cla~•t><i~r•i t~ la.As 1'rowtl hl c.a;k colou.1•, hx•own s t~·~ak,. Metal -1 us tre. density 0£ 3. 551 l•ard.1a~ss of _2. 7S-3. 39. -CJ.Q.tl.> cleavage. 

6. Otlaers 

•lso studi~d it with re£lecting Microscope. 
i n£r4:.•ed spectra. a.11cl di f."t·eretl t i al tl•erMa.l analysis. 

?. l11itial cunclution · 

Cl1eMicct.l coM}>Usition oC chenxianite is d.e£inite and its 

ce 11 }o'd.raMe te.r j ~ t;orav i 11c i sag; its x•esul ts oE ou:r Measu.reMen ts 

are coMpletely new up to now.We teMporarily naM~ this unde£in 

-E:-d ••i••~.-.Cll c&S ··c11EfiXIAHITE 11 a(;COx•di1-.g tu it~ plac:;~ of' . ot•i!li•• 
and shall £urther study it • 

• 

REFERENCE : WEI TieJun.19896Study on Mineralogy 0£ the Oxid-
ized Manganese Deposits in Hunan P:rou.& Guangxi 211.N.A.R.with 
Expec i c.t.11 y E~pt:t.1•i M~•• ts of' Mi ••~•·cA.1 Cx•ys tal Crow th ( ii tJaes is .. 
£or M.S.degree ia• geology#Cl•itla U11ive:rsity 0£ Geosciences > 

• 

T4E PHASE RELATIONS IN TIIE SYSTEM Ca(Nb,Ti)2o6-
Ce (Nb, Ti) 

2
0 6-Y (Nb, Ti) 

2
·) 6 

Wu Daqing and Diao Gui.fi, GLtangzhou Branch, Inati tt1 tt:; 
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of Geoche1nis try, Acade.:uia Si.nica, Wushari, GUangzhoti 
510640, People's Republic oj' China 

The phase relations in the system Ca(Nb,Ti)2o6-
Ce(~1b,Ti)2o6-Y(Nb,Ti)2o6 at 050°C were investigated 
with the boric acid flux tec.hniques. The powdered 

Ceo2 , Y2o3, Ti02 ,Nb2o5 and Caco3 with.better than 
99.9~ pure were choosei as e;tarting materials and the 

. 

chemical reagent H3eo3 were used for salt flux. The 
ratio of atoms lib/Ti w~s mai.tained to 1 in all synthe-

-
tic sarnples. ff'ive i11ineral pl·.lases were found in this 

syste1n: 1·~rs1ni te,aescrJ.fni te, euxeni te,J-fergusoni te~ 

and ru tile •. Aeschyni te an·j E!Uxeni te have a li11J.i ted 

ranges of solid solu ti·)ns. P..l>ou t 15a t. % Ge can be rep­

laced by atoms Ca and ~in aeschynite so~id solution. 

t1eantime, about 20 at.~ Ce ·clnd 45 at.% Ca tnay dissc>lve 

in euxeni te solid solution l>y substituting for Y a-com •. 

In the B-si tes of crys·tal aE~schyni te and euxeni te, the 

occupany of the titanium atc•ms is no rnore 0.78 and 

o_.62 atow.s, respectively. Tr1e deviation of occupanJ' 

value from the theoric valuE~ 111ay implicate that about 
13-15 at.%.of total ceriuia ·v1as · eerie. ion l~e4 -+- i11 . 

synthetic aeschynite. Under 1nicroscope synthetic 
aeschyni te is tabular rectarig.ular crystals \Vi th brown · 

color, .arid euxeni te and 1·erE>mi te are transparent 
• 

• 
crystals. 

• 

MINERALOGICAL STUDY OF DICKITE IN FENGDONGY AN, 
SONGY ANG, ZHEJIANG PROVINCE IN CHINA 

• 

YANG Xianzhong, Nan jng Institute o.fGeology and Mineral Resources, 534 
East Zhongshan Road, Nan.Ing, Jiangsu 210016, People's Republic o.fChina 

The dickite ore deposit in Fengdongyan. Songyang, occurs in upper 
Jurassic crystal-vitric tuff of the fouth layer of ''a'' Member, Moshishan 
Formation (Jma-4). The ore body is apparently controlled by fault structure 
and occurs in stratoid, lenticle and vein shape. The ore with pale-blue, 
yellowish-pink, grey and yellowish-white displays dense texture and mas­
sive structure. The ore consists mainly of dickite, mixed-laye1· 

' 
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dickite-kaolinite, quartz, and minor kaolinite and hematite. Based on char­
acteristic features of ore body and mineral assemblages, it is suggested that 
the dickite ore is formed in hydrothermal alteration. The farming tempera­
ture of the ore is about 110-114 t, not exceeding 160t (Chen Yunqing, 
1984; Janet Hoffman et al., 1979). 

Six dickite samples studied in this paper were collected from 
• 

Fengdongyan dickite ore deposit. Based on study of micromorphology with 
polarized microscope, scanning electro11 microscope and transmission elec­
tron microscope, and also based on chemical deter1nination and spectral 
analysis ( including X-ray diffraction, differential thermal analysis and 
infrared spectroscopy) for the dickite samples, some conclusions have been 
drawn . 

1. The ore of the Fengdongyan deposit is composed predominantly of 
three minerals which form three mineral assemblages: I )pure dickite; 
2)dickite+disorder mixed-layer dickite-kaolinite; 3)dickite+quartz. 

2. In polarizing microscope, the dickite commonly presents fine scale 
shape, perfect (001) cleavage and displays the first grade grey of interference 
color and inclined extinction. In scanning electron microscope, it usually 
has pseudohexagonal plate shape with clear outline. 

3. Mixed-layer dickite-kaolinite is discovered. It displays fan-like 
myrmekite shape in polarizing microscope and presents banana-like shape 
in scanning electron microscope. On the spectral chart, it also shows some 
characteristics. It is, therefore, considered that the mixed-layer 
dickite kaolinite might be intermediate, product formed in transforming 
process of kaolinite to dickite (Ren Leifu, 1988). 

.... 
4. The relation between crystallinity (HI) (Hinckley, 1963) and total iro11 con-

tent (X, % ) of the dickite has been discussed. HI is negatively correlated with X, 
and their correlation equation is HI= 1.811-5.787X, the coefficient of correlation 
(r) is -0.9731, indicating that the crystallinity of dickite is apparently controlled by 
content of iron entering the dickite in isomorphous substitution. 

5. The relations between the cell parameters ( a0, b0, c0 ) and total iron content 
{X, %) of dickite are: a0 = 5.146+2.101 x 10-2x, b0 = 8.925+5.835 x 10-2x, 
c0 = 14.426+3.976 x 10-2x, P= 96.842+0.56X, their coefficients of correlation (r) 

• 

are 0.2697, 0.9670, 0.9400 and 0.9132 in order. Poor correlation between a0and X 
might be due to migretion of (-1I6) a0along ''a'' axis in dickite structure, the rela­
tively good correlations between b0, c0, P and X indicate that, as the ion radius is 
bigger than that of aluminium, with increasing isomorphous substitution of iron 
for aluminium the distance in J_ (001) direction, i.e. c0, and the distortion of 
octahedra would increase, meanwhile the increase of distortion of octahedra sub­
sequently results in the increase of b0 and {J. 

References 
I. Chen Yunqing, 1984, Discovery of Mixed-layer Dickite-kaolinite in 

Sedimentary Rock and Discussion on Its Origin. Acta Sedimentologica Sinica, 
Vol.2, No.2, 91-97. 
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PHASES RELATED TO THE Cu(Pt,Ir,Rb)2S4-Pb(Pt,Ir,Rh)2S3-

(Ni,~e)9S8 NEW SYSTEM AND THEIR NEW GENETIC MECHANISM 3 . bf 
FROM PLATINUM COMPLEX COMPOUND IN YANSHAN, CHINA * 

Yu Zuxiang, Institute of Geology, Chinese Academy of Geological Sciences, Beijing, 
100037, People's Republic of China. 

A lot of PGE sulfide phases of iron, nickel, copper and lead were found, which is 
not a simple compound, but composed of solid solution from two or three phases of 

• 

Cu(Pt,Ir,Rh)2S4, Pb(Pt,Ir,Rh)2S3 and (Ni,Fe)9S8, in· proportion as 1 :1 or 3:1, to 
form a series of superstructure products. 
1. Cu(Pt,Ir,Rh)2S4(Malanite) - Pb(Pt,Ir,Rh)2S3 binary system [or Ir >Pt> Rh, 
Rh>Pt>Ir]. 
a. In proportion as 3:1, to form Cu3Pb(Pt,Ir)8S15,Cu3Pb(Ir,Pt)8S15(Inaglyiitc, P6 Im 
etc., a 7.03, c 16.44A, but formula Cu3Pb(Ir,Pt)8S16 is error), Cu3Pb(Rh,Pt)8S15, 

(Kondorite, a 7.02, c 16.48A, but formula Cu3Pb{Rh,~t)8S 16 is error). 
b: In proportion as 1:1, to form CuPb(Pt,Ir,Rh)4S7(Code name Y.H. trig. P3112, 
P3121 etc., a 7.05, c 34.12A), CuPb(Ir,Pt,Rh)4S7(W.H. a 7.02, c 33.94A), 

. 0 

CuPb(Rh,Pt,Ir)4S7(L.H. a 6.91, c 34.16A). 
The phase of Cu(Pt,Ir,Rh)2S4 is continuous transform to Cu3Pb(Pt,Ir,Rh)8S15 and 
CuPb(Pt,Ir,Rh)4S7(fig. 1), and atoms S are decrease with Pb I (Cu+Fe) increase. 
Their relation is corresponded to the equation : 

(Cu,Pb )4+ix/ 3(Pt,Ir,Rh)8+4x./ 3S16-2x, where x =Pb I 2 Atoms 
2. In the Cu(Ir,Rh)2S4-(Ni,Fe)9S8 binary system [or Rh> Ir; Fe> Ni]. 
In proportion as 1:1, to form Ir(Fe,Ni,Cu)2S3(Z.U. trig. R3m, a 14.14, c 34.34A), 

Ir(Ni,Fe,Cu)2S3(Z.A. trig. a 14.10, c 34.29.A), Rh(Fe,Ni,Cu)2S3(Z.Z. a 14.07, c 34.21 
A), Rh(Ni,Fe,Cu)2S3(Z.H. trig. a 14.04, c 34.14A). In these formulae the PGE are 
trivalenct and Fe and Ni are divalenct. A lot of their analyses are put in fig.2. 
3. In the Cu(Ir,Rh)2S4 - Pb(Ir,Rh,Ir)2S3 - (Ni,Fe)9S8 ternary or in the 
CuPb(Ir,Rh,Pt)4S7 - (Ni,Fe)9S8 binary system [or Rh>Ir, Fe> Ni]. 
In proportion as 3:1, to form IrFeNiCuPbSs+x(trig. P3 112, P3121 etc., a 7.03, c 

68.72A). 
I supposed these upper valency PGE3+ are come from alkali hydrothermal solu­

tion in latest mineralization stage, in the form of complex compound, when reacted 
with H 2S, it forms a series of PGE phases. 

2[Pt(NH3) 6]
4+ +2[IrC16]

3
- +[Cu(NH3) 2]

2+ + [Pb(NH3) 2]
2+ +7H2S+ 3H20+0 • 

CuPbPt2Ir2S7+ l 2NH4Cl+4NH4(0H) 

* It's an item of Chinese national natural scientific foundation. 
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Fig.2 (Ir, Rh )(Ni, Fe, Cu)2S3 Minerals Group and .It's Species 

STUDY ON FORMATION OF ACANTHITE • 

Yue Shuqin, Institute of Mineral Deposits, Chinese Academy of Geolog­
ical Sciences , Baiwanzhuang Road , 26 , Beijing , 100037 , China 

• 

Synthesis experiments of Ag-S system indicate that,~n· this . system. there are 
three polymorphs of Ag2S between 25 ° C and the liquidus . Ag2S 111 , acanthite 
is monoc1i11ic , from 176.3 ° C (Ag-rich) to 177 .8 ° C (S-rich) , Ag2S 111 inverts 
to Ag2S 11 , argentite , which is body-centered cubic . Between 586 ° 
C (Ag-rich) and 622 ° C (S-rich) Ag2S 11 inverts to Ag2S 1 , which is thought to 
be face-centered cubic . Ag.,S 1 is stable at the highest temperature 838 ° C -
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• 

(Kracck , 1946) . 

Acanthite is one of wide spread mineral in Au-Ag-S system in many 
epithermal deposits of .l<\u--Ag and Ag-Pb-Zn . Acanthite as seen at Yin Keng 
Shan and Ba Bao Shan of Zhejiang Provinces hes about three kinds of origi11 . 

The first kind is that , the acanthite from these· deposits.occurs i11 the quartz 
veins as regular and irregular grains , intergrows with electrum , talnakhite , 
chalcopyrite , or in thin rims around chalcopyrite , pyrite and electrum . These 
acanthites are inverted from argentite due to decreasing temperature during 
mineraJiization process . 

The second kind is that , the acanthite in p1aty crystals closely . ~in­

tcrgrows with quartz . This acanthite appea1·s to have been deposited during a 
late stage ofmineraliiZation process under epithermal condition , such one was 
mainly found in Ba Bao Shan of Zhejiang Province . 

. 

The third kind is that, the single crystals ut' acanthite grow into arrow--
shaped and acicular-shaped radial aggregates on the surface of ore specirr1en . It is 
obvi.ous . that the acanthite was formed · i11 superficial environment. 

It is interesting to mention that, \Vhcn the author washes with alcohol the 
heavy mineral concentrate of gold-silver-sulfide ore from Yin Keng Shan , 

• 

there is no acanthite in the concentrate , but after several days , acanthite can be 
seen newly form~d in it , with radial acicular aggregates . So it is clear that 
acanthite can be formed at ordinary temperature . So'the above mentioned third 
kind acanthite formed in superficial environment belongs really to this type 

~ 

off ormation . 
The chemical composition of acanthite determined with electron microprobe 

and scaning electronscope analyses is given in table I , it can be seen that the 
composition of ~canthite (no.3) formed at ordinary . temperature is more pl:J.re 
than that (no. I, 2) deposited in· the epithermal condition 1and.it does not contain 
impurity, but its Ag-content( .. no .. 3) is in.excess of stoichiometry of Ag2S . 

Table I.The .Chemical Composition of Acanthite 

Sample Ag Au Cu Fe Bi Pb Sb Te 

no. (Ofo) 

I 

2 

83.48 - 2. 71 0.05 0.4 0.27 0.08 -

84.98 1.8 - 0.04 - 0.08 - 0.14 

3 88.73 

no. S Total Formula 

1 12.39 99.38 Ag2Cu0.04Pb0.003Bi0.005S 

2 12.59 99 .63 Ag2.005Au0.023 Te0.003S 

3 11.27 100.00 Ag2.336S 

• 
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X-Ray diffractio11 data oi... various origion ac<111thitc arc all analogous to 
t11osc 'of A.S.T.M. 14-72 (<1c<1ntl1itc). 

The origion of acanthite thus formed are all related to the reaction of S with 
Ag at ordinary temperature and u11dcr\ neutral n1cdiurn conditio11. 

It is obvious tl1at tl1c discovery of acanthitc in this occurrence may provides . ~ 

valuable data for further .studies of geochemical character of Ag . 
• 

REFERENCE 
Kracek , F.C. , 1946 , Phase relations in the system sulfur-sil\1er and the 

transitions in silver sulfide:Am. Geophys. Union Trans., V.27, P. 364-374. 

ANTIMONY - BISMUTH MINERALS IN VOLCANO - . SEDIMENTARY 
ORE DEPOSITS OF BERGSLAGEN, SWEDEN 

ZAKRZEWSKI, M.A., Dept. of Geology, Free University, 
1081 HV Amsterdam, The Netherlands 

Antimony and bismuth minerals are· common 
constituents of polymetallic volcano - sedimentary or~ 
deposits. Their distribution shows typical zoning with 
Bi confined to proximal and Sb to distal f acies in · 
accordance with the preference of Bi for higher and Sb 
for lower temperature environment. Less common are ores 
with both Sb and Bi minerals, and exceptional are · 

41-

occurrences with Sb together with Bi build in single 
mineral phases. In the Bergslagen metallogenic province 
in central Sweden, the Sb-Bi substitution was observed 
in 16 minerals from 6 abandoned mines: the Cu-Co mines 
of Vena, Tunaberg, and HAkansboda; Pb mine of 
Hornkullen; pyrite mine of Satra, and Cu deposit of 
Vindfall. 

The Vena mine is type locality for kobellite with 
the Sb/(Sb+Bi) ratio of (0.37-0.45), jaskolskiite 
(0.65), and co-type of izoklakeite (0.40-0.56). Other 
minerals with both Sb and Bi include an unknown 
sulfosalt (0.38), bismuthian jamesonite (0.71), stibian 
bismuthinite {0.15) and stibian cosalite (0.10). In 
satra occurs bismuthian benavidesite (0.95), in 
HAkansboda bismuthian ullmannite (0.98), in Hornkullen 
bismuthian meneghinite (0.87). In the Tunaberg mine 
Dobbe (1988, and pers. comm.) found bismuthian varieties 
of: meneghinite (0.81), ramdohrite (0.61), andorite 
(0.75), antimony (0.85), tetrahedrite (0.80-0.59), as 
well as stibian: bismuthinite (0.37), gustavite (0.30) 
and bismuth (0.22). In Vindfall Kieft and Eriksson, 
(1985) found bismuthian tetrahedrite and annivite 
( 0. 7 8-0. 3 4) . 

The sulphide ore deposits of Bergslagen are related 
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to Proterozoic complex of felsic metavolcanites and 
.. 4etasediments. Detailed investigations on ore mineralogy 
in about 300 occurrences have shown contrasting 
associations of elements. One related to Cu ores in 
metavolcanites and in elastic sediments, with Cu, Bi, 

o, w, Te and Se, and second association related to Pb 
ores in carbonate rocks with Pb, Sb, Ag, Hg, Ni, and 
Sn. The segregation of elements is primarily governed by 
the contrasts in temperature that produced the proximal 
Cu ores with Bi minerals, and the distal Pb ores with 
associated Sb minerals. On the other hand, the relation 
of ore type with certain lithology suggests a 
geochemical control of the differentiation. 

The six ore deposits of Bergslagen in which the Sb­
Bi substitution was observed did not follow the general 
rules of zonation. They display an overall character of 
Cu type proximal ore with substantial admixture of 
elements of the Pb group, but they are located in 
carbonate rocks. These apparent contradictions suggest 
that all the involved elements are of common source and 
that they were released from a feeder zone localized in 
submarine carbonate facies surrounding. The rapid 
cooling of the metal bearing solutions resulted in .·the 
precipitation of all elements together and the carbonate 
environment form~d a geochemical barrier that prevented 
a secondary dispersion and differentiation . 

• . 

Dobbe, R.T.M., 1988, Space and time relations in the 
Tunaberg area in the me~allogenic province of 
Bergslagen, central Sweden. M.Sc. thesis Free 
University, Amsterdam, The Netherlands. 

Kieft, K., and Eriksson, G., 1985, Regional zoning and 
metamorphic evolution of the Vindf all Pb-Zn ore 
east central Sweden. Geologiska Foreningens i 
Stockholm Forhandlingar, 106, 305-317. 

IDENTIFICAT:ION OF ORE MINERALS AND STUDY ON OPTICAL 
PROPERTIES OF ORE MINERALS USING REFLECTION SPECTRA 

Zheng Chusheng, Institute of Geochemistry, Acade'!lia 
Sinica, Guiyang, Guizhou 550002, People's Republic of 
China. 

Reflection spectrum of minerals is a curve or the 
ref'le·ctance of the.: minerals as function of the wave·--
1·engths or reflected light and it is me·asured micr·o­
scopically under linear-polarized light with a photo­
electric method in directional polished section (e,x­
cept isotropic minerals). 
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Reflection spectrum of minerals provides some use~ 
ful information on many optical properties and each 
mineral is characterized by its uniq.ue spectra, so 1 t 
can .be used as an identification tool. A set of nine 
ide·n ti.fi ea tion diagr~ms are compiled by the author. 
These diagrams a~ford a practical means for ore mine­
rals determination on the basis of. reflection optical 
properties of minerals. 

Re:flection spe.ctra can be used to describe optical 
properties of ore minerals quantitativ.ely too. The 
characteristics of optical properties of each mineral 
are determined b·y the· number of main re.flection spec­
tra of the: mine.'ral ( 1, 2 or· 3) and their interrela­
tionships. All the optical properties can be calcu-

. lated quanti tative·ly using the data of the ma.in reflec­
·tion spectra. Some of them can be shown in the form of 
quantitative data varying with wavelength(A). Only re­
flectance(A) and reflection color can be calculated, 
because of· one r.efle~ction spec L.~m for a isotropic 
mineral. Many optical prope:rties can~ be: calculated, 
such as reflectance( A) ( e ,o), reflect.ion color( e ,o), 
absolute birefle.ctance(A), relative birefle.ctance(A), 
angle of' rotation propertie·s( A) , reflectance under 
cross-nicols( A), r·e~flection color under cross-nicols, 
opt.ical sign( A) and length fast or slow{ A) for uniaxial 
crystals, and r _eflectance(A)(g,m,p), refle·ction color 
{g ,m,p), abselute propertied(A)(g-m, g-p, m-p), rela tive 

bireflectance A) (.g-~, g-p, m-p), angle of. rotation 
propert.ies(A) :g-m, g-p, m-p), reflectance under cross­
nicols(A)(g-m, g-p, m-p), reflection color under 
cross-nicols(g-m, g-p, m-p), optical sign(A), orien­
tation of optical plane(A) and length fast or slow( A) 
{g-m, g-p, m-p) for b·iaxial crystals • 

• 

S'fUDY 0!\: SITJ\'El~-BEARING ~1INERALS (AG-S1JLI~OAN1'I~10NITES) OF 
SILVER-SlJLJ~,IDE DEPOSIT IN T!1E MIDSOljTH O~, D.AXINGAN RIDGE ARF~A 

Zht1 Zhongx ~i ou, Li fle11 i an> Zhang IJe i ping, (:J ,angchun University of 
Earth Science, Changcl1un, ~fi. _l_ in 130026, Pcop.l.e's Republic o f' 

' China 
In the midsouth of Daxingan Ridg~ Hercynlan Zone of· 

fold7 some silver-sulfide deposjts h~ve been discovered. 
Represerl1~at i ve ."ly there are Mengentaol .i.gai and Chaganchu lu 
Ag-Pb-Zn deposit, Dajinzj Ag-Cu-Sn and Eyingtaolegai Ag depo­
sit. In these deposits lots o.f sjlver-bear ing minerals ar e dis­
covered .Recen·tly there are 12 · species of these minerals are 
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appraised, but most of those are Ag-sulfoantimor1ites.Si11ce the 
silver-bearing mineraJ.s are very small,tt1e study of them is 
very diff icu1 ·t. We appraise the silver-bearing minerals 
only with electron mi cr,oprobe and microscope, under which the 
reflectiv.i.ty and hardness arc identifj.ed. Besides natural ele­
ment-silver,simple s11Jfides-argentite,polybasite,stromeyerite, 
canfieldite, most of them are Ag-Sb-S minerals-pyrargyrite, 
pyrosti]pnj_te,stephanite; Ag-Pb-Sb-S mir1erals-diaphori ·te,frei­
eslebenite; Ag-Cu-Sb-S minerals-freibergite, polybasite. The 
variation of rich As-bearing minerals are not been discovered. 
The charcter of Ag-stilf oan·timor1i tes are: 

1.Pyrargyrite:It is more important silver-bearing mineral 
of the deposit and distributed in leadlike irregular granular 
it~ is. Reflecting colour is light blue gr·ay, str·ong opt.ic 
anisotropic. Internal reflection is dar·k red, R= 26.2-27.7, 

VHN50=125-128kg/mm2 
, chemical composition: Ag 61.84-63.38%, 

Sb 20.83-22.78%, As 0.55-0.70%, S 15.71-17.94%. 
2. Pyrostilpni te: I 1: is Strong optic an isotopic. I1l·ternal 

reflection js light yellow,R=26.0-27.l, VHN50=123-125,chemical 
composition: Ag 61.28%, Sb 23.94%, As 0.37%, S 17.24%. 

3.S·tephanite: R=27.4-28.6, VHN50=154,chemical composition: 
Ag 69.62-71.09%,Sb 13.39-16.32%, As 0.27-0.45%,S 14.94-15.24%. 

4.Diaphorite: Optic -anisotrope, R=31.8-33%, VHN50=198, 
chemical composition: Ag 24~33-26.12%,Sb 26.88-27.57%,Pb 27.41 · 
-31.72%, As 0.49-0.61%, S 17.80-18.38%. 

5.Freieslebenite: reflec·ting cololJr is gray-whi ·te, weak 
optic anisotropic, R=36·,l-36.6%,VHN50=117. 

6.Freibergite: It is the most important silver-bearing 
mineral of the deposi ·t, opt ~ic isotrope, R=28.4-30.6%,VHN50=252 
-301,chemical composition: Ag -28.5-44.68%, Cu 24-46.9%, Fe 5.7 
-1.02%, Zn 1-1.88%, Sb 24-28.37%, As 0.36-1.42%, S 17-22.3%. 

7.Polybasi·te: S·tr·ong optj.c aniso-trope, R=31.2-28.8'f,, VHN5{) 
=135, chemical composition: Ag 72.02%, Cu 0.59%, Sb 9.96%, As 
0.529%, s 16.6%. 

In the deposits, all of ·the silver-bearing m.iner·als ar~e 
distributed regularly. In space, from shallow to deep .it is 
zoning vertically,which is from silver-sulfoantimonites sulfi­
de. Among tt1e suJ.foantimo11ites, Ag·-su.lfoant.imonites and Ag-Cu­
sulfoantimonites are located on sl1allow,bt1·t Ag-Pb-sulfoantimo­
nites are deeper.In the same mineral (for example: freibergite 
and pyrargyrite), the content of Ag increase gradually from 
shallow to deep. From early to late during mineralization, Ag­
sulfide and Ag-sulfoantimonites are formed earlier, and Ag-Cu­
Fe-sulfoantimonites are formed earlier than Ag-Pb-sulfoantimo-
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nites,but silver i~ formed later- This for ming order depends 
on geochem.ical quality of elemen·ts;the composition of l1ydro­
thermal system and 1:he physical-chemical conditions during 
forming. In the deep of deposi ·t, it is r·eduction enviroment, 
and the concentration of s2

- is bigger,sulfides are formed. · 
Upward, the fugacity of oxigen increase and Scan . combine with 
Sb forming composite negativeion easyly, sulfoantimonites are 
formed.Approach to the surface of earth,S is oxidized further 

• 
and SOl - is formed, but Ag forms natural silver . 

(reflectivty R is measured by A=589nm;VHN50--microcopic 
hardness) 

• 

• • 

.. 

• 
• 

• 

• 
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CRYSTAL STRUCTURE AND CRYSTAL CHEM­
ISTRY OF MINERALS 

ro'lOER D,I F'E'RACTION S ~ ...... ~ ANALYSIS OF NA.'IURAI .. AND CATION 
EX! I'll!!S 

G. Artioli and M.R. Torres Salvador, Istitu·to di Mineralogia 
e Petrologia, Universita di M:xlena,. 41100 M::xlena, Italy 

• 

Nau1ral zeolite gonnardite fran Palagonia, Sicily, Italy, . 
has been fully characterized through x-ray er diffraction 
and Rietveld profile refinem:mt. 

Seate differences in the location and occupancy of the 
water nolecules in~ the zeolite cavities exist with respect to 
previously reported structt1re results of gonnardite from Norway 
(Mazzi et al. 1986). . 

les of gonnardites fran the same locality (Palagonia) 
were used in cation exchange experiments at the University of 
Naples (Ciambelli et al. 1989). We perfonned Rietveld structt1re 
analysis on their axmonium ·ana !X)tassiurn- exchanged gonnardites. 

'Ihe ref inemants show large rotations of the tetrahedral 
chains and distorLion of Lt.ie Si ,Al tetrai1i.eJ.ra il1 OOth structures. 
Also the lC>Cation and cx:=cupancy of the cations and the water 
m::>lecules in the channels are substantially different from those 
observed in natural gonnardites. 

• • 
Space groups and cell parameters for the three samples, as 

resulting from the refinem:mt are as follows: 

sample Space group a b c 
---------- ------------------------- - -------- -- ... ---------
natural 
K-exchanged 
NH4-exchanged 

I 42d 
I 42d 
I 112

1 

13.246 
13.727 

(non st.)13.073 

13.246 
13.727 
12.815 

6.600 
6.558 
6.620 91.11 

------ --------~----------- -----~--~-~~------~----~-~---~-~--

Ciambelli P., Franco E., Notaro M. and Vaccaro c. (1989) in 
Recent Research Reports, Zeolites for the Nineties; Jansen J .C·. 
lt>scou L. and Post M.F.M. eds., ~terdam, 63, 147-148. 

Mazzi F., Iarsen A.O., Gottardi G. and Galli E. (1986) N. Jb. 
Min. Mh., 219-228. 
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SYNTHESIS AND CRYSTAL CHEMISTRY OF ANHYDROUS NICKLL ARSENATES . 

Jacques BARBIER & Chris FRAMPTON, Depart ment of Chemist ry , 
McMaster University, Hamilton, Ontario LBS 4Ml ., Canada. 

Using hydrothermal growth (P= 1 kbar, T= 600-800°C) and 

synthetic annabergite, Ni3As2o8 .au2o, as starting material, the 

following Ni3As2o8 polymorphs have been synthesized in single 

crystal form: a low-temperature green orthorhombic form (Cmca, 

a=S.94, b=ll.26, c=B.16 A, isostructural with Mg
3
v

2
o

8 
(1)), 

synthetic gre~n xanthiosite (2) (P2
1
/c, a=S. 79, b=9.58, c=l0.22A, 

8=93.5°) and a yellow tetragonal form (I42d, a=6.79, c=l 8.78 A, 
i sostructural with Mg3As2o8 (3)). Tile results of X-ray structure 

refinements of these phases will be presented and discussed • 

• 
• Preliminary data relative to othe r new anhydrous nickel 

arsenates synthesi zed during the course of a survey of the Ni0-

As2o5 system will also be presented. These compounds include a 

monoclinic red phase (C-centred, a=l0.630, b=l4.486, c=6.668 !, 

8106.3°), a monocl i nic green phase (C2/m , a=9.30, b=9.03, c= 
• 

5.15 A, a=98.6°) and an hexagonal green phase (a=l2.63, c=S. 15 A, 
. 

possibly another high-temperature fo110 of Ni
3

As
2
o

8
) . 

• 

... 

(1) Krishnamachar i N. & Calvo C. (1971) Can. J. Chem. 49, 1629 

(2) Davis R.J., Hey M. H. & Kingsbury A.W.G. ( 1965) Mineral. Mag. 
35 , 72 . 

(3 ) Krishnamachari N. & Calvo C. (1973) Acta Cryst . B29 , 2611 

t>.'14. CRYSTAL CHEMIS TRY AND SPECTROSCOPY OF 2M1 BIOTITES 

L.V.Bershov, R.11.IVIineeva, S.V. Soboleva, Institute of 
cr~e Deposits, Mineralogy, Petrography and Geochemistry 
USSR Acad. of Sciences, Mosoow 109017,staromonetny 35 

• 

• 

The occurenoe of trioctahedraJ. m1oa in nat't.tre and 
among the synthesis products in 1M polytype is due to 
the uniform distribution of the octahedral cations. 
The known structures of the volcanj.o and metamorphic 

th octahedral cations with the localisation of 
Al3+, Fe3+ and Ti4 + in ois-octahedra M2. Ther efore 
OH vector is inclined to (001 ) plane and directed to 
the octahedron M1, mainly occupied by divalent oatior1s. 

The proton localisation by the method of eleotro­
st atio minimum calculation reveals the dev-iatj.on of OH 
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vector on 20-25° from the normal to the (001) plane in 
the s tructures of 2M1 biotites. 

The unregular oation distribution and vector OH 
inclination i n natural biotites from the meta.morphia 
(Georgia) and volcanic {Kamohatka, Armenia) •. rooks 
wereproved by speotrosoopio methods (EPR, Mossbauer, 
IR ) · The character of the ordered oation distribution 
has a great i nfluence on the OH vector orientation 
and hence affeots the ~elative+diaBositio~ of the 
adjaoent mioa layers with the -120 rotation, corre-
spond to the 2M1 polytype • 

• 

C~NTROSYMMETRIC AND NON-CENTROE~MMETRIC ONE-LAYER 
POLYT!npEs OF METASOMATIC SERICITES IN THE UPPER DEVON 
OF THE TUVA THROUGH . . 
A.M.Blooh, All-Union Institute .of Mineral Resources, 
A.P.Zhukhlis t ov and B.B.Zyyag1n, Institute of Ore 
rviiner.alogy (!GEM) WSR Ao·. So., 109017 Moscow, USSR 
Metasomatio argilizitea of sericite oomposition ·aI'e 
for the fir·st time described for sedimentary seque·noes 
of the upper Devon of the Tuva through, regions of 
their display correlating with zones of high jointing. 
They develop along intergrain joints, substitute agg­
ressively the oaloite of the cementing mass and frag­
mental grains of feldspar and effusive rooks, corrode 
the transaeoting carbonate streaks. The serioites are 
commonly accompanied by pyrite. The ooun sedimentary 
sequences contain ore oonoentrations of polymetals, 
molybdenite, cobalt-nickel mineralization, eto. 
Aooording to the oblique-texture electron diffraotion 
data, the serioites under study are represented both 
by the usual 1M (33033) poly e (spaoe group C2/m) 
consisting of centrosymmetrio layers with the trans­
ootahedra vaoant and by its mixtures with the 1M 
(15015 1 C2) polytype consisting of non-oentrosymmetrio 
layers with one of the ois-ootahedra vacant. The two 
sericite varieties differ significantly in particle 
morphology, arrangement and intensities· of 021, 111 
reflexions and range in the JA angle variation (greater 
and less than.I. aarooos(-a/Jo)). This implies the 
a.bsenoe of inte1'Rr8tiate cation distributions over oota-
hedra and the impossibility of uniform structures oon­
sisting of both layer kinds. 
As produots of low-te1nperature hydrothermal acid lea-
ching prooesaes suoh serioites may develop in the 
oountry sequences of the ore formations not only in 
Tuva, but also in the whole Altai-Sayan folded region, 
and , especially, in the Ore Altai. Under such oondi-

• 
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tions their genesis ahoUld be revised in favour of its 
endogenio interpre~ation. 

• 

ON THE ROLE OF .HS- ION IN SULFIDE STRUCTURHS 
-

G.B. Bokij, · K.T. Dmitrieva, Yu.P. Dikov, 
B.A. Boronikhin 

Institute o! Ore Deposits, Mineralogy, 
Petrogz'8phy and Geoohemistry, 

U.S.S.R. Aoademy of Soienoes, Koeoow, U.S.S.R. 

llany of. the natural sulfides a1•e known to de­
viate from ideal. etoiohiometry. Bokij et al. [1,2] 
at.1ggested that in some eul!ides de!eots oooUJ". in 

·. oonneotion with the presenoe of HS- ions in the 
atruoture. To oonti1m this various sulfides were 
studied by X-ray and X-ray photoeleotron epeotro­
soopy. The sampl~es ranged from py1wrotites, a olassi­
oal .example- for non-stoiohiometrio sulfides, to 
sphalerites, for whioh a deviation from stoiohio­
metry was never observed or dieouseed. The spha­
lerites under investigation were obtained by t!Y'dro­
the1,nal synthesis in solutions with va1•io11s HS- ions 
oonoentrations. A olear oorrelation between the 
resul ta obtained by X-ray method anti by photo-
eleotron speotrosoopy was found. · 

P ti te waa investigated in detail by X-ray 
photoeleotron speotrosoopy as to the 2p eleotron 
band of aul!ur. In the speotrurn a o oteristio 
sharp line with a maximum of bond energy of 163 kV 
was observed oorrespondi.ng to the standai'd value of 
b<)r1d e11ergy . in iron monoaul!idea. Further, a maxi.mtun 
ot low intensity was re istered at 161~2 kV. Suoh a 
maximtJm ·i.s oha1-aoteris io of the HS. type bond, 
similar to that, obse1•ved in the sphalerite speot-
rum. 

The :resul ta support the oonoept of a par•tial 
substitution of s2-- ions by BS- ions, oaus 
oanoies in the oationio par•t o~ the struoture. 

• 

va-

1 .Bokij G.B., Bonda:r~ A.II., Dok!. AN SSSR. 248, 
956 (1979). ' 

·2.Bokij G.B., Initrieva 11.T., Dikov Yu.P., 
Aota Cryst. A40 euppl. C-207 (1984) 

• 

• 

• 

THE STRUCTURAL SIMILARI1'Y AND THE STRUCTURA.L DISTIN-
CTION FERRIFAYALITE AND :w\,IHUNITE 

·G.B.Bokiy, Z.V.Vrublevskaja~ I.V.Ginzburg, Institute 
• 

• 
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of Ore Deposi ~.·s, ··Mineralogy, Petrography and Geoche­
mistry USSR .A.cad. of Sciences, Moscow 109017, Staro­
monetny .35·. 
D.Yu.Pushcharovsky, N.A.Yamnova, Moscow State Univer­
sity, Moscow, U$SR. 
The complete structure investigation of ferrifayalite 

USS4'.). · was carried out (autoniatic single-crystal dif­
ractometer P1 "Syntex", R=0.12 ). Unit oe~l parame­
ters: a=4.806, b=10.20, c=5.76, o{,=90,89. The fer­
rifayalite crystal-chemical data are considered -in 
comperison with laihunite (1), having the similar 
composition. The ferrifayalite distinguishs from lai~ 
hunite by higher content of Fe~~, by some other stru­
ctures features ·. Catj.on position M1 ,. ·oocupied by Fe2f 
and vacancies in laihunite structure splits on two 
position M1, MJ with partly ordered location Fe2+ (M1 
-o~66%Fe~+ , o.JJ% vacancies, MJ- o.JJ%Fea+, o.66% 
vacancies) , whereas in laihuni te struc·ture Fe .z.·.+ and 
vacancies are completely ordered. In ferrifayalite ·as 
in laihunite Fe -S+ are located in M2 position. The 
tetrahedral are completely occupied by Si. In accor­
dance with o·etahedra composition the partly vacant 
octahedron M1 by ferrifayalite is smaller than va­
cant octahedron M1 by laihun;,te. The M2 octahedra vo­
lumes in laihunite ·and ferrifayalite structure are 
similar. !he revealed partly ordered cation arrange­
ment in f~~rifayalite · indioates · the ~ess equilibrium 
conditions of · th~ ·· cry·stallisation pr·ooess: of ·· this mi­
neral in compa~ison process · or · this mineral in compa­
rison process of this mineral in comparison with lai-
hunite. . 
1 •. O.Tamada, B.Shen, N.Morimoto, Min.Journal, 1983, 
11, a, 382. 

CRYSTAL CHEMICAL RELATIONSHIPS AMONG FELDSPATHOIDS IN THE 

DAVYNE-MICROSOMMITE GROUP 

E. Bonaccorsi, S. Merlino & M. Pasero, Department of Earth 

Sciences, University of Pisa, Via S. Maria 53, 56126 Pisa, Italy 

Three distinct feldspathoids · with the same tetrahedral 

framework, but differing in the chemical composition and 

ordering of the ions in the cavities of the structure·, have been 

found in the Somma-Vesuvius volcanic area, Italy. The three 
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• • 

minerals, davyne, microsommite and a new phase (n.p.: • its 

complete 

progress), 

chemical 
• 

present 

P63 (microsommite, 

and structural characterization is in 

hexagonal unit cells with P63/m (davyne) or 

n .p.) space groups, similar c axes and -
relat ed a axes, with a(micr.)=IJ·a(dav.) and a(n.p.)=2•a(dav.). -- - -

The common features of the three minerals are: a) cancrinite­

type tetrahedral framework, with ordered alternation of silicon 

and alumi.num tetrahedra; b) ''undecahedral'' cages, built up by 

five six-membered rings and six four-membered • rings: within 
• 

these cages .•• Ca-Cl-Ca-Cl •.. chains develop parallel to the~ 

axis; c) larger channels hosting alkali cations, sulphate and/or 

chlorine anions. 

The chemical and structural analyses indicated the following 

crystal chemical formulae for the three minerals: 

davyne 
• • m1crosomm1te 

n.p. 
when the three 

channels 

{Na4K2(so4>0 . 5c1} 

{Na
4
K

2
(so

4
)} 

{Na
4
K

2
c1 2} 

distinct structural 
• 

• 

cages framework 

{ca
2

c1
2

} {si6A1 6024} 

{ca
2

c12} {Si6A1 6024} 

{Ca2Cl2} {si6Al6024} 
elements are emphasized. The 

results of the structural refinements indicated that these 
• 

phases differ not only in the sulphate/chlorine contents, but 

also in the distribution of the alkali cations in the large 

channels, disordered in davyne and ordered in microso111111ite and 

n.p .• As the order-disorder relationships among the three phases 

may be related to both temperature and sulphate/chlorine 

contents, anion exchange experiments as well as high temperature 

structural studies have been planned and preliminary results 

will be presented. 

A mineral phase with the same space group as ·microsor1unite and 

similar unit cell dimensions was found in Pitigliano, southern 

Tuscany, Italy. Chemical and stru~tural investigations point to 

the crystal chemical formula {Na4K2Cso4)}{Na2(H2o) 2}{si6A1 6024
}, 

which indicates that ... Na-H20-Na-H2
o ... chains substitute for 

o •• Ca-Cl-Ca-Cl ... chains within the ''undecahedral '' cages. 
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• Interestingly a compound with • • ·microsonnn1 te-type structure 

and • • composition 

{si
6

A1
6

0
24

} was prepared and studied by Klaska & Jarchow 

(Naturwiss . . , 64, 93, 1977). The crystal chemical relationships 

among this synthetic phase, • • m1crosomm1te from • Vesuvius and 

''microsommite'' from Pitigliano will be presented and discussed • 

• 

EFFECT OF OCTAHEDRAL COMPOSITIONAL VARIATION 

Q·N THE CRYSTAL STRUCTURE OF lM BIOTITES 

Maria Franca Brigatti, Dipartimento di Chimica, Universita della Basi­

licata, Potenza, Italy 

This work examines the effect of the octahedral compositional variation 
. 

on the crystal structure of lM biotites. 

Accordingly, data from previous crystal-structure refinements have been 

assessed along with those from eight new refinements. 

C2/m setting and reflections with I > 5u(I) were employed. 

b cell dimension increases fairly smoothly with the substitution of Fe 
• . 

for Mg although Ti substitution causes more marked decreases in the c-cell 

parameter. 

Examination of the trends in the structure and geometrical parameters 

with compositional variation reveals that: 

- the tetrahedral ring distortion is not affected by the octahedral com­

position, whereas it is linked to the geometry of the ditrigonal cavity 

occupied by the interlayer cations; 

- the octahedral sheet distortion shows similar trend for Ml and M2 sites; 

in Fe-richer biotites the ·»average'' distortion of octahedral layer de­

creases and Ml is more distorted and larger than M2; 

- in Fe-ricl1 terms the number of electrons of Ml site is ·slightly higher 

than that of M2 thereby suggesting slight preference of Fe2+ for Ml; 

- Ml site distortion increases with Ti increase and decrease when Mg/Eoct 

(vvhere Eoct is the octahedral occupancy) decreases; . 

- all biotites exhibit limited ordering of Mg cation over the octahedral 
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• 
• 

sites with preferential centering of the M2 site when Mg/Eoct > 0.6; 

- the octahedral thickness decreases with Ti increase . 
. 

• 

INVESTIGATION OF THE .CRYSTAL STRUCTURE OF VANADINITE~ 

Chen Guoying, Li Wanaao and Wang Qiguang, Departaent of Geology and 
Instrt111ents analysis & Research Center, Lanzhou University, Lanzhou, 
Gansu,. 730001, People's Republic of China. 

Vanad.inite is considered as a isostructural aineral of 
pyroaorphite series of apatite group since it has been found and 
named in 1838. The crystal structure ~f vanadinite which occured in 
the oxidated zone of Xiaotieshan aine, Gansu province, China. The 
study shows that the vanadinite not only· has no apatite type 
structure, it is not a vanadate, too. In reality, the aineral is a 

• 

Pb and V coaplex oxide. 

Vanadinite is a aajor secondary aineral in the oxidated zone of 
Xiaotieshan mine. The mineral usually occurs as prisaatic aggregates, 
crystal druses and granular aggregates. Well-developed single 
crystals are co .. on. Crystal habit short or long hexagonal 
prisaatic. Brownish red to black brown-red in colou·r. Biaxial 

• 

negative(-). · Measured density 6.9489.ca-•. 

The che•ical analysis of the mineral were carried ' out by aeans of 
electron aicroprobe. The aean values are, PbO 78.13, V1-0, 18. 70, As10, 
0. 40, P,O, 0. 48, SO, 0. 08, Ct 2. 65, Total 100. 44 wt. 90. The sua of 
oxygen atoas within the unit-cell which was obtained froa the 
che•ical analytic values and cell voluae of the aineral is 26. The 
empirical foraula < based on 0=26) is, Pb&.<V~ • .P.aAs • .S ... )! .. o ... ct ..... 
The simplified for•ula is Pb.V,O,.Ct1• 

A crystal 0. 2XO. ZXO. 3 a was aounted on a CAD-4 Enraf-Nonius 
di ffracto11eter for X-ray analysis~ using MQK a radiation 
( A.=O. 7107A) with graphite •onochrometer. Frist, preluinary cell 
para11eters were determined from 25 arbitrarily selecting 
reflections with autoindexing procedure. The accurate cell 
parameters which were obtained by least-squares method froa 
the 25 .well-centered reflections are, a=10.282(3)A, b=7.291(4)A, 
c=10.273(4)A, ~ =120.0(3) 0 

I V=666.8A1, Z=2. 

The j.n tens i ty data collection were carried out by the 6l / z 9 scan 
technique, using a variable scan speed. A total of 1587 reflections 
were collected to O<h<.16, O<k<12, -16<l<+16 out to a •axiu 20 
of 54·. By averaging equivalent intensit i es, 1265 independent 
refle ctions with I) 3. O a were used io the refinement of the 
structure. The structure was solved by heavy atoas method. Fristly 
starting from the isostructural relation between vanadinite and 
apatite, the position of Pb atom was derived fro• the Patterson 
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function according to P6ra space 91oup. However, as a whole, the 
crystal struc~ure of the •ineral aay be only belong to P2y'a space 
gro11p h .. cause the sys t e•r~ tic absences are only OkO with k not t i11es 
of 2. Changing over f1·oa the space group Pira to P2y'a, the 
positions of four Pb at011s were found by equivalent point transfona 
of P2y'a space group. Then the pos!. tions of three V atoms, nine O 
atoas and a Cl atoa were foWld from Fourier syntheses. Therefore it 
can be deterained that the vanadlnite belongs to •onoclinic systea, 
P2y-11 space group. 

The bond lengths and bond angles calculated frOll the coordinatin 
paraaeters and atoaic radii show that the V-0 distance Tary 1. Iii 
to 2. l 29A, and the bond ang Les vary f roa 34• to 175•. It seeas 
that there is no a coordinating tetrahedra (VO,) ~groups within 
the structue of vanadiaite. For this reason, the vanadinite could 
be a Pb and V complex oxide hut not a vanadate ainerat. The 
COllJlete structural infor•ation will be reported after the structure 
refinement is perf or•ed. 

STAGKtflG VAilIATIOI~S J\NlJ NOrl-ST()!CIIIOI'iETllY IN TI-I J~ I 
• 

• 

BIXHYITE-BnAUiIIT·~ POLYSOr{ATIC r11111:·~IlAL GllOUP 
• 

Johan P.de VilTiers, Peter .n. 
and Chemistry, Arizona state 

ARIZONA eS287, USA 

Buseck,Department. of Geology 
' University,Tempe, 

• 

• 
I ' 

Bixbyite, braunite ,neltneri te ,and. ~braunite·-Jt are maneanes.a 

rich members of a mineral group based on t .he ea tions of 

t .he :fl"Q.arite structure type, \elith general formula MgO t1(Iti= 

I"1n,r,e,Ca,Si) .They consist. of layer modules of (Mn,Fe)O 
• 

octahedra stacked in various arrangements depending on 
the coordination·of interlayered M-ca~ions. 

T'he st.ructures of· t.he 21 posnible layer assemblages up 

a thickness of· ei~ht layer modules have been gene1·ated 
• 

using stacking vectors derived from t .he known mineral 
t.o simulate rieties.These struct.ures 

observed images obtained 

have been used 
by electron microscopy. 

rion-st-0ichiomet1·y has been observed in bruunites 

several localit.ies and is manifested by variat;ions 
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their 1,1.a+ and Si contents. lli~h-resolut.on ti~ans!ni.ssion e l.­

ect.ron Jnicroscopy( IIltT ~~1~1) revealed the presence of several 

polysomes of varied t .hicknesses. In add it.ion t .o t.he 2-mod­

ul·e bixb.vite, t .he 4-moclule braunite, and the 8-module brau­

ni t .e-11,ne\-1 3-,5-,and R-moclulc assemblages have been 

observed .These assemblage·s hav~ calculated SiOa. content.a 

th~t vary· from O t-0 1 o~& by mass • 
• 

Very fine. intergrowt.hs of bixbyite and braunit.e- 11ave 

also been o bserve(l by flllT !~l"I. These intergrowt.hs CCJnsist. of 

Vf~.ried amount.s and thicknessen of the t .wo components and 

also account. fo1' non..:..s t oich iornetric variat.ion·s in the M~t 

·.and Si content.s lower t .han those for braunit.e-l1. 

er-BEARING VARIETIES OF SCHREYERITE AND 
VUORELAINENITE 

M.T.Dmitrieva, S.P.Korikovsky, V.A.Boronichin, 
• 

A.A.Koneva Institute of Ore Deposits .,Miner~logy, 
Petrography and Geochemistry,U.S.S.R. Academy of 
Sciences,Moscow,U.S .. S.R. 

The two new vanadium-bearing m·i nera 1 s have been 
recently discovered and described - schreyerite 
V2Ti309 [1] and vuorelainenite <Mn,Fe)V204 [2]. We 
succeeded in thus far identifying unknown er-rich 
varieties ! of these two minerals in metamorphosed 
schists in Baikal region. Schreyerite is the first 

• 

find in the territory of the U.S.S.R. and the third 
find in the world.In contrast to the two schreyerites 
described earlier . the mineral . from the U.S.S.R. 
contains up to 20-28~ of Cr2Ti309. er-bearing schrey­
eri te coexists with rutile as a rule in thin interg­
rowth and rather seldom occurs as homogeneous mineral 
grains.Medenbach and Schmetzer noticed . that it was 
difficult to separate sct1reyerite for X-ray investi­
gation due to the intergrowth with rutile and the 
grains studied showed predominan·t1y ruti le in the 
powder pattern [1]. Of all reflections only five 
belonged to schreyerite phase.X-ray investigation 
with Gandolfi and Debye-Scherrer <114.6 mm> cameras 
perfo1~med in the frame of this study showed . . -
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predominantly schreyerite.For the first time,a rather 
complete X-ray pattern of schreyerite has been 
obtained.Comparison of interplanar spacings of 
investigated schreyerite with those of synthetic 
phases Fe2Ti309 and CCr,Fe>2Ti309 revealed good 
correlation. The d-values have been indexed according 
to a primitive mcnoclinic cell and the unit cell 
parameters have been refined: a =7.055, b =18.828, 
c =5.004, ,=119.76• .The X-ray investigation confirmed 
the isomorphic relation between chromium and 
vanadium.As to the crystalloch·emical peculiarities, 
schreyerite is the first natural analog of an 
Anderson phase with general formula M2Mn-202n-1. 

. Electron microprobe analyses of spinels from 
Baikal region have shown large variation in V203 and 
Cr203 content <24.3-39.5% and 23.4-43.8% correspon-

dingly) with constant MnO,FeO,and ZnO.According to 
the chemical and X-ray data the investigated spinels 
belong to the vuorelainenite-manganochromite series 
with 60% of .manganochromi te-vuorel ai neni te and 40% . of 
chromite-coulsonite components.The spinels of such 
composition ha~e been found for the first time.As the 
result of the considerable replacement of V3+ by Cr3+ 
a continuous series exists between er-bearing 
vuorelainenite and V-bearing mangartochromite. 

Reference 

1.Medenbach O., Schmetzer K. -Amer.Miner.,1978,V.63, 
p. 1182-1186. 

2.Zakrzewski M.A. et al., - Canad.Miner.,1982,V.20, 
pt.2,p.281-290. 

SYIVIIVIETRY OF THE SUBSTANCE OF EARTH'S SHELLS AND THE 
PHASE TRANSFORMATIONS 

• 

Dolivo-Dobrovolsky V.V.,Department of Mineralogy, 
Cr--ys·tallography and Petrography ,Mining Institute, 
Leningrad, USSR 
The prevailing symmetry of crystalline matter making 
up the Earth !'·S shells is changed with a depth in the 

following succession: triclinic (granite-metamorphic 
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shell A1), monoclix1ic (granulito-basitic shell A2), 

orthorombic (upper mantle B), orthorhombic +cubic 

(transition sone c1), middle systems+ cubic (tvan­

si ·tion sone c2 ) ., cttbic (deep mantle D). The change 

of symmetry of the matter in the shells is essenti­
c:1J.ly coi111ected. with the pl1rJ.se tra11sformations in 

n1ar1tle. The incx~ease of pressure causes the phase 
. 

tra11sforr11ations in silicates \Vhich are a,ccompanied 

e:L ther with the decrease of symmetry (mainly with 

tl1e security of Si coordina ti9n number) or \Vi th the 

j_ncret1se of symme·try (n1ainly with increase of Si co­
ordinE:t tion i1un1ber). The ch~1.nge of the matter symmet­

ry of external shells (the Earth's crust) depends on 
the general direction of the evolution of Earth's 
substa nce in the global scale~ 

• 

ENVIRO NT OF CRYSTALLIZATION OF TOPAZ AS ~NFERRED 
FROM CRYSTAL CHEMISTRY AND INF D SPECTRA 
Foord, Eugene E., Jackson, Larry L., Taggart, Joseph E., Crock, James G., 
and King, Trude V. V., · M.S. 905, U.S. Geological Survey, Box 25046 
Denver Federal Center, Denver, CO 80225 

Topaz, Al2Si04(F,OH)2, is usually found as a vapor-phase or 
hydrothermal crystallization product in three principal geologic associations: 
in lithophysal cavities in rhyolites(R), pegmatites and greisens(P), and 
hydrothermal veins(H). The mineral also occurs as a liquidus phase in 
ongonites and some rhyolites. Compositions of 65 topaz samples (SR, 40P, 
17H) are distinctly grouped in terms of H20 + ( > 105°C), F, and trace 
element content. The average H2o- content for all samples was 
0.04( ± 0.01) wt. %. H20 + contents (in wt. % ) for 7R topaz ranged from 
0.06 to 0.11, for 40P topaz from 0.20 to 0.91, and for 17H topaz from 1.69 
to 2.67; fluorine content is inversely related to water content (Fig. 1). One 
late-stage sample of topaz from rhyolite from Boiler Peak, NM contained 
0.50 wt. % H 20 and was likely deposited from hydrothermal solutions 
rather than a vapor-phase. One sample of topaz from a high T and P 
metamorphic environment (rutile-quartz-sillimanite gneiss) contained 1.04 
wt. % H 20. A maximum of about 30% of the F site is occupied by OH 
in H topazes (Fig. 2). The F-OH ratio correlates with, and possibly is 
controlled by the temperature of crystallization. 

Trace and minor elements which vary by association include Li, Fe, 
Cr and Ge. The average Li content of R topaz (50 ppm) is ~ five times 

• 
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that of P and H topaz. Al1 samples contain trace amounts of Fe (as much 
as 0.3 wt. % ). Chromium, present in some samples of H topaz, and 
derived from host schist or ultramafic host rocks, is the chromophore in the 
pink-red and orange-red crystals from Ouro Preto, Brazil and Katlang, 
Pakistan; pink to burgundy colored crystals from both of these localities 
contain 400 - 500 ppm Cr. Purplish-red topaz from Sanarka, Orenburg 
district, USSR contains about 2700 ppm Cr. Germanium contents are 
elevated in four samples of P topaz (200 ppm Mt. Antero, CO; 500 ppm 
Little Three mine, Ramona, CA; 550 ppm Maple Lode mine, Aguanga 
Mtn., CA; and 400 ppm Satao (Viseu), Portugal). 

Other physical properties, e.g. density, unit-cell data, and optical data 
vary linearly with the substitution of OH for F. Measurement of any of 
these properties may be used to determine the F or OH content and to 
predict topaz type and environment. 
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Figure 1 · Figure 2 
-. 

IR reflectance spectra of F-rich (R type topaz) and OH-rich (H type) 
are distinct. Three narrow, well-defined, OH absorption bands are 
characteristic of R topaz (3400 to 3800 cm.1). P topaz shows OH 
absorption features from 3400 to 4200 cm·1• Hydroxyl-rich topaz (H type) 
displays a more complex series of OH absorption bands between 3400 and 
4200 cm·1• Hydro~l-rich topaz also contains C02 as indicated by a sharp 
peak at 2300 cm·1

• Disorder of OH - F is indicated for the OH-rich 
material which is consistent with its known triclinic sy1runetry. 

THE PRESENT STATE OF Au IN PYRITE IN TULING-SHIHU GOLO DEPOSIT, 

HEBEi PROVINCE 

Gao Xue Jun Chang Chun College of Geolgy,Chang Chun, Ji Lin 130026, 

People's Republic of China 
• 

Tuting shihu gold deposit is the type of Au-bearing quartz 
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vein of aag•atic hydrotheraal. It is evidenced that Au in pyrite 

presents as either mineral of gold (or electrum) or ion (Au·) . The 

aajor aethodes of investigation and analyses are EPM. SEN, EPR, 
• • 

• 

aineral phase analysis and R-aode factor statistics of coaposition . 
• 

The conclusions as follows: 
• 

1 • Au in Au bearing pyrite is mainly single aineral .....; gold 

(or electrua). The result of EPN,the picture of face distribution 
• 

of X-ray and back scattering electron of Au appears cleacly with 

the siaple of pyrite.Mineral phase analysis ( n = 8) shows: when 

pyrite dissolves in HNO, 1096 solution Au of pyrite appears aainly 

~ in reaain under di(ferent te•perature; when pyrite dissolves in 
• 

HNO, 30% solution plot time against solubility of Au and Fe and 

shows that the solution speed of Au and Fe do not synchronous. The 

re s u t t of R - mode fa c tor anal y s i s of c oap o s i t ion of p yr i t e ( n = 3 2) 
• 

indecates the structural value of Au in oblique factor axis 4 is 
• 

the g r e a t e s t ( O • 8 7 8 ) , the v ~ l u e o f Fe i n o b l i q u e f a c t or ax i s 6 i s 

the greatest (0.919) . The included angle between oblique factor 

axis 4 and 6 · is about 86° , it aeans that Au indellpendent of Fe. 

So Au as single mineral presents in pyrite . 
• 

• 

2 . Besides sing le •in er al - gold ( or e l.e c t r ua) there is a few 

ion Au- -Au· in the crystal lattice of pyrite. The analysis of 

aineral phase ( n = 8) indecates: whether pyrite dissolves in HNO~ 

1099' under different temperature or in the HNO. 3099 under 
• 

different time there is the Au of ion state in the solution, the 

consistency of jon Au is relative lower.The investigation of the 

spectrum of EPR (n=8) shows,Au-bearing pyrite has the FS spectrua 

line of Gauss line-type of narrow and isotropy and its g=2.001± 

0.001. Considing the spectrua line is due to the pyrite which 
• 

contains ion Au- -Au·, but the consistency of Au· is lower. The 

result of SEM indecates: the diagra• of _face distribution of the 
• 

feature X-ray composition of pyrite shows that the distribution 

of Au element is even and siaillar to that of Fe and S, it 

indecates these all ele•ents occupy crystal lattice in pyrite . 
• 
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R:EX:JENT n:mv:e:,1,QPMF!NTS iN CRYSTAL OH::ewrmTRY AND 
GENESm OF ANEZE OXYHYDROXIDES. 

. . 

Gorshkov A.I. (IGEM, USSR Acad.Sci.), Drits V.A. 
(GIN, USSR Ac.ad.Sci. ), Dubinina G.A. (Inst. of 
Microbiology, USSR AcadoSci.) 

Manganeze oxy-bydroxides from oceanjac (or marine) 
crusts ·and nodules, and laterite weathering crusts 
and other continental formations are normally poorly 
crystallized and often for1n complex mjxtiures with one 
another and other minerals. Therefore their structu­
ral and crystal-chemical investigation by convention­
al methods (X-ray dif~raction and microprobe analy­
sis) is extremely complicated, which hampers estubli­
shing their genesis. 

A fun,damentally new level in structure study and 
identific tion of Mn-oxy-hy"droxides has been achieved 
latery I owing to the use of methods sensitive to 
local s ructure, such as selected-area electron dif­
fraction and energy-dispersion analysis. The combina~ 
tion of these with X-ray profile analysis and spect-
roscopic methods ( S, X-ray-electron SPectroscopy, 
etc.) proved especially eXJ?edien + 2 • 

I. Several (Co-, Co-Ni-, Mn -rich, etc.) asbo­
lanes have been found to have .hybrid structures. con­
sisting of incommensurable in the (OOI) plane layers 
of various composition and/or structure that alterna­
te along the C axis either- regularly at random. 

2. An t1nusual mixed-layer mineral have been 
found in ocean,ic Fe-Mn nodules whose structure con­
tains asbolane-like packets alternating at random 
with buserite-like ones. 

3. Crystal structures have been etermined for 
a number of new Mn-oxyhydroxides • . I4 --Oa-b1.rnessite, 
elinobirnessite, buserite-II have layer structures; 
achtensite and Mn-ferro:x:yhite have pseudolayer struc­
tt1res. · 
. 4. Structt1ral an.d crystal chemical feat11res we-
re established birnessite, Fe-vernadite and iron­
free vernadite. -· 5. A new chaleophanite variety has been found, 
namely, Ni-chalcophanj.te having a rhombohedral unj t 
cell. 

6. Three different todorockite structural varie­
ties have been identified. 

7. A new crystal~chemical classification of 
channel-structure manganeze minerals has been propo­
sed including structural characteristics of the known 
and othetical minerals. A number of new minerals 
have been predicted on this basis. · 

The cryst~-chemical data obtained for Mn-oxy-
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hydroxides as well as their diffraction characteris~ 
ties were used in investigating the localization an.d 
genesis of the mineral formations in auestion. Thus 
the oceanic crusts and nodules were shown to be asso­
ciated with definite sets of ore minerals• These a:t:'e 
pseudolayer-structure Fe-vernadite and Mn-ferro:xyhi-
te in h;ydrogenic formations, layer-structu,re buseri­
te-I and interstratified asbolane-buserite in diage­
nic nodules, and channel-structure todorockite, 7A­
birnessite and often I4A-Ca-birnessite and clinobir­
nessite . in hydrothermal sedimentary crusts. Mixed­
layer samples were also found. 

Biogenic nature of the basic ore components 
(Fe-vernadite, Mn-ferro:xyl1ite) in oceanic hydro~enic 
Fe-Mn-crusts and nodules was substantiated. Mn~ and 
FeL+cations as well as aizy Mn-Fe-minerals and collo~ 
id particles of oceanj.c (marine) or terrigenic gene­
sis may serve as the raw material for biogenic f orma­
tio n of vernadite-ferroxyhite associations. 

Solid-phase ageing processes were detected in 
crusts and nodules leading to transformation of buse­
ri te-I into 7A-birnessite, replacement of hydrother~ 
mal todorockite and buserite-I by'. buserite-II, and . 
iron-free vernadite biogenj.c substitution for todoro­
cki te and birnessite. -

Asbolane in laterite weathering crusts is nor­
mally formed through transformation from buserite-I 
via interstratified asbolane-buserite. 
I. Chukhrov F.V. et.al. Hypergenic oxides of mangane­

neze, Nauka, Moscow, I989, 350 pp. (in Russian). 
2. Chukhrov F.V. et.al. Miner.zhurn., I988, IO, N 2, 

pp. 78-92. - .,,. ' 

STUDY OF SODIC-AMPHIBOLE FROM BLUE-SCHIST BELT IN 
• 

NORTH HUBEI PROVINCE 
. 

Guan Yaxian, Liu Baoliang, Sun Yanxiao, Huang Jun.Je, Chang Chun University o.f 
Earth Science, Changchun 130026, Jilin, People's Republic o.fChina 

A large blue-schist belt extends in central China, between the south of 
Sino-Korea platform and the north of Yangtze platform. It begins from northern 
Sichuan province, passing through souther~ Shanxi province to northern Hubei 
province, Anhui, Jiangsu and Shangdong proince, and then dives into Yellow sea, 
extending discontinuously for more than 2000km. Such an ancient blue-schist belt 
is rarely seen elsewhere in the world, while the Northern Hubei blue-schist belt is 
in the middle part of the whole belt. 

The major rock types of northern Hubei blue-schist . belt comprise 
glaucophane chlorite sericite schist, glaucophane albite chlorite actinolite schist 
and glaucophane mµscovite quartz albite schist. Their protolith belong to basic 

• 
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volcanics, acidic volcanic sedimentary rocks, argillo-arenaceous rocks and 
carbonatite, occurring at the tectonic setting of a continental rift. Its major mineral 
a·ssociation: Mr+Ser+Chl+Q, Mr+Sti+Epi+Ac+Ab, Cro+Mus+Epi+Ab+Spe+Q. 
symptomatic metamorphic minerals occurring in this area include amphiboles, 
stilpn~omelane, phengite, garnet, epidote, piedmontite and albite, quartz, calcite, 
dolomite, etc. However, no typical high-pressure low-temperature minerals such 
as lawsonite, jadeite and aragonite have been found yet. 

Minerals of amphibole group in· the area can be divided into three series ac­
cording to Leake(1978):sodic-amphibole are magnesio-riebeckite and 
crossite;sodic-calcic amphibole is winchite; and calcic amphibole is actinolite. 

The chemical composition of sodic-amphibole shows Mg I Mg+Fe2+, 
0.48-0.75, Fe3+ / Fe3++Alv1, 0.36-0.91. Crossite and ma.gnesio-riebeckite have 
refractive indices respectively: Ng= 1.668,1.698; Nm= 1.664,1.666; Np= 1.653, 
1.656. There is a little variation of parameters in the unit cell of sodic-amphibole: 
ao=9.546-9.68A, ho= 17.751-17.976A, Co= 5.295-5.340A, {J= 103.60-103.72, 
V = 883-893A. It is found that the more Mg and Al are substituted by Fe3+ and 
Fe2+, the higher the values of a0, b0, V would be, but it's not the case for c0. 

A linear relationship is found among peak intensities of X-ray diffraction(I110, 

1
310

, 1330, 1240), composition of sodic-amphibole(numbers of atom in unit cell) and 
Fe,Mg content in site C (M< 1>,M< 2>,M< 3>). 

The parameters ofMossbauer spectrum: Fe2+ M<1> I.S= 1.118-l.136mm/s, 
Q.8=2.773-2.867. mm/s, GW=0.277-0.296 mm; Fe2+ M<3l I.S= 1.093-1.213 
1nm Is, Q.S = 2.231-2.443 mm Is, GW = 0.304-0.40 mm; Fe3+ M<2> l.S = 0.352-
0.413 mm/ .. s, Q.S=0.415-0.461 mm/s, GW=0.267-0.309 mm. Mossbauer 
spectroscopy studies show that: In sodic-amphibole, .Fe2+ is located in sites Mei> , 
M<3> , and Fe3+ in site M<2> • So Fe-ion in sodic-amphibole is distributed orderly. 

Amounts of Fe2+ in sites M<1> and Mc3> are approximate, with their maxi­
mum difference being of 3.7%. 

In sodic-amphibole,occupancy of Fe-ion has relation to the age of the beds 
in which the amphibole exists the occupance of Fe2+ in sites Mc1>, Mc3> increases, 
while that of Fe3+ in site Mc2> decreases, as the age of the beds becomes older. At . 
Suixian-Yinshan district, for example, the numbers of Fe2+ in sites Mc1>, M<3> of 
sodic...:...amphibole from the underlying Huangzhiwang formation of Suixian group 
are 0.9412 and 0.4523 respectively, which higher than that from the overlying 
Baizhaoshan f ormation(0.6403 and 0.4005). However, Fe3+ at site Mc2> of 
sodic-amphibole from the former is 1.0364 which is, on the contrary, lower than 
that (1.2982) from the latter. 

Occupancy of Fe2+ in sites Mc1>,M<3> is calculated by absorption band at 
3600-3700cm-1 in IR absporption curve which is the comparable with the result 
by Mossbauer method. In Junxian-Liangyun district, for instance, the number of 
Fe2+ in Mc1>, Mc3> sites of sodic-amphibole from the underlying Yiaolinghe group 
are 1.028 and 0.451 re·spectively which is higher than that, namely, 0.696 and 0.394. 
the overlying Doushantuo, However, that of Fe3+ at M 2 site from the former is 
1.276, which is, on the contrary,Iower the number of Fe~~ in the former and 1.38 
from the latter. 

Studies show that the formation temperature of sodic-amphibole of the 
blue-schist belt in this area is about 300-450t , pressure about 0.6-0.75Gpa, 
which are somewhat higher in temperature, lower in pressure than that from typi-
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cal blue-schist at abroad. It may correspond to a transitional glaucophane-green 
schist f acies. This blue-schist belt was formed at late proterozoic, having the age 
7.44 Ma, as a result of ancient intracontinerital plates collapsion-collision 
movement, when subducted Yangtze platfrom come into collision with north 
China platfrom. 

• 

STRUCTUR.:\L ?'-~IJlERAL CHA.ijGES IN THE PROCESS OF F I~IE 
r ........ 

• GR INI· ING • 

T.S.\Jus11no~r, D.K.Arxhin~nKo - Institltte or Geol. and 
• • 
~. .b 
Jl • I~:". .t

1lC&d. ::>c i. USSR, 6.30090-tiovos i bi rsK 
• 

There were observed some regularities and sequences 
or transrorming a mineral structure with dirrerent 
types or chemical bonds in the process or rine grin­
ding. 

• 
• 

Mineral havini; rnainl~' ionic type or a bond (CaF2 
and others) demonstrates rather slight distortion 

• 

durin~ grinding; mainly, the size or blocKs or cohe-
rent scattering decreases. -

The grinding or minerals 1na inly with covalent types 

or bonds (sylvite: ·galena, arsenopyrite, chalxopyrite) 
results in the most intensive microdistortions the 
physical and chemical properties ehan~ing. 

The layer silicate having a dirferent set or types 
or bonds demonstrates a rather ~reat structural dis­
tortion. There are indentiried some changes dependin~ 
on the rnediwn: in the air medium - th~ bonds in· octa­
hedral layers are the rirst to distroy; in the water 
medimn there is the breax in the interlayer space,the 

• 

structure or polyhedral being preserved. 
As the content and structure determine mineral pro­

perties. but ~rinding brings to their changes the in­
rormation concernin~ the structure is very important 

• 

ror obtaining some nessesary adaptable properties. 
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CRYSTAL CHEMISTRY OF 7A PHYLLOMANGANATE MINERALS 
Kim, Soo Jin, Department of Geological Sciences, Seoul National 
University, Seoul 151-742, Korea 
7! phyl1omanganate minerals ref er to hexagonal manganese oxide 
minerals that are characterized byalayerstructure with basal 
d(OOl) spacing in the range of 7.l-7.6A. The minerals include 
rancieite, birnessite and related phases and show widespread 
occurrence in marine and terrestrial manganese deposits. 
Although the name birnessite was originally given to the Na­
dominant member of the 7A phyllomanganate minerals, it has been 
also applied in many previous stud.ies to other cation-dominant 
members with d(001)=7.l- 7.4! regardless of their chemistry. 
Confusion also arises in the differentiation of birnessite 
and rancieite, e.g., the phyllomanganate mineral with d(001)=7.4! 
was named birnessite by one and rancieite by the other. Further 
confusion has arisen from takanelite which has been named to the 
mineral having the same X-ray powder diffraction pattern as 
rancieite. 
7A phyllomanganate minerals have hexagonal layer structures with 
variable c~dimensions which depend on the nature of interlayer 
cations and content of water molecules between edge-shared [Mn06 ] 
octahedral layers. Approximately one out of nine octahedral 
sites

4
$s stati~tically vacant, 12~ding to the general formula 

R2xMn9_x018·nH20, where R=Ca, Mn , Mg, K, Na ; x=0.8-1.3 ; n= 
3-8. The minerals of this formula fall under the name of 

• 

''rancieite group''. It includes Ca-dominant (rancieite), Na-
dominant (birnessite), Mn2+-dominant and Mg-dominant members. 
Minerals of the rancieite group occur predominantly in two 
different hydration states, i.e., n=3-4 and/or 6-8 in the formula. 
The present author proposes that minerals with higher hydration 
be called species (i.e. , ·ranciei te etc.) and those with lower 
hydration be called dehyd2ated varieties (i.e., dehydrated 
rancieite etc.). The Mn +-dominant member of rancieite group 
in this work may be the true Mn2+ analogue of rancieite rather 
than takanelite. 

ELEC'J$01 HOLE CEN~EBS IN. SOME GEM CRYPJ:OCRYSTALLINE AND 
•• 

Al~ORFHOUS VARiffi~lE.S OF SILICA 

Ruslam I. Kostov., Geological Insti t.ute., Bulgarian· Academy of 

Sciences, Sofia 1~13, Bulgaria 
. 

N11merous studies hav.e been provided on .. natural and synthetic 
. 

quartz· by eleetron. paramagnetic resonance {EPR) spec~roscopy. 
• 

which display many electron-hole centers (for review. see 

Weil, 1984; Kostov, Bershov, 1987). whis is importan; both 

friom a theoretical and practical point: of view as being 
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• used fon· crystalloohemical, geochemical, morphological, 
• 

physicochemic.al and dosimetric.interpretations. 

· Further.·,on. studieswhichhave been ... carried outj on chalcedonies Gt 

different aolour a~d index of crystallini ~,two main signals 

have been descibed in their EPR spectra - a broad 

signal a~tribu.ted to i:ron-bearing mj erophase a e~orJ:elatii:ag in 

mos~ cases to the intensity of o-0lot1r and a narrow. signal at~ 
• 

g=2 assu.me d to b.e one or. more. centers. The intensi t.jr 

correlates with decreasing index of orystallinity 

(Plyusni:ma, Kost.ov, 19aa). In certain cases in the EP.R 
• 

• 

·. spec,tra of oryptocrystalline silica the g=4.3 center, 

at:t.ributed to Fe)+ has aiso been observed (Kostov, Bershov, 
. 

1984) • 
• 

In- the EPR spectra of some opal varieties of different 

aolour,the followil'l8 main signals have been observed - a 

broad signal attributed to iron micr.ophases, a signal of 

Fe3+. at g=4..},a six-component signal of Mn2+ and a narrow 

signal at g=2 attributed to organic matter, both last, 

signals being typical for the black or dark coloured opal 

varieties (Kosto~·, Po.jarevski, 1988.). Si:milar: data have 

been. obtained for. bioopal and Australian. vei11J. opal 

(Ikeya, Golson, 1985). 

The observed EPR signals in cryptocrystalline quartz, 

chalcedony and opal have beem also described in, the EPR 

spectra of natural gl~sses as tektites and impact.ites 

(Mineeva et .. al., 1984),or: perlites (Calas et al., 19.as,). 
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STRUCTURAL PECULIARITIES OF TOURMALINE FROM 
• 

QUARTZ VEINS OF THE SUBARCTIC URALS 
L.M.K.rivoputskaya, R.V.Rodionova, S.M.Solntseva, 
R.I.Mashkovtsev, I.I.Urosov. Institute of Geology 
and Geophysics, Novosibirsk-630090, USSR 
A complex of metl1ods has been used to study asbesti-

• 

form specimens which are fibrous-diverse aggregates of 
greyish blue c~lour with a silky luster. Some fibers 
are up to 2-3 cm long and hundredths of a millj.meter 

in diameter. The mineral ur1der study a.pp ears in quartz 

veins on the western slope of the Subarctic Urals. It 
• 

is associated wi tl1 quartz body-host rock contacts and 

does not exceed 5-10 cm in thickness. 
The crystallochemical formula of the mineral 

Al6•159si9•762Ti0•020o27B2•61 (0H,F) 4 corresponds to 
tourmaline. An increased content of Si is due to 
quartz present in .the sample. On the basis of IR-spec­
troscopic ru1d X-ray data -the specime11 under study was 
stated to be related to the schorl-dravite series with 

. 

isomorphic impurities being distributed statistically 
among the Y-sites. In EPR spectra, broad lines are ob­
served in the range gN4, which is typical of the FeJ+ 
ions in the distorted octahedron coordination. 

The comparison with a number of natural and synthe-
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tic tourmalines shows that the structure of the asbes­

tifonn specimen is characterized by a more narrow spe­
ctrum of isomorphic substi tuti_ons. The unit cell para­

meters and main interplanar distances - 3.99(10), 
2.58(70), 1.59(50), 1.64(30) - correspond to the tour-
maline structure, a significant re-distribution of ref­
lex intensities, however, being observed. At a relati­
vely high perfection of the crystal structure the de- · 
feet quantity in the specimen under study is signifi­
cantly higher than in crystals of verdelite and rubel-

. 

lite varieties: sstud=0.39, sverd=0.11, 8rube1~0 • 14·• 
1400 A, res-The crystallite sizes are 910, 1790 and 

pectively. 
The asbestif orm tourmaline 

sitive to mechanical effects. 
chanical load with a value of 

under study is also sen­
The correlation of a me-

• 

thermal and X-ray charac-
teristics is stated. An increase in mechanical effect 
duration and load value is followed by a decrease in 
temperature of endothermic peaks from 985°C in the ini­
tial sample to 970 and 965°C in those affected mechani-

• 

cally for 20 min and 40 min, respectively, with the in-
tensive development of microdistortions (O.J9, 61 and 

82, respectively), by a decrease in crystallite size 
0 

(910, 460 and 280 A), by loss of constitutional water 
• 

and mineral amorphization. 
The investigations carried out allow the asbesti­

form mineral to be identified as tourmaline and the 
evolution of mineral formation medium to be followed 
in the region unqer study • 

. 

IlJVESTIGATIOlJ OF TYPOI\lORPHIC Clli\RACTERISTICS 

OF ZONAL CRYSTALS OF FLUORITE 
L.M~Krivoputskaya, R.V.Rodionova, S.M.Solntseva, 
I. I. Uro sov, ~. Ir: .1:czt1rov~c. ::!:11.G t i tu .. t e of Geo lo e;:)r 

and Geophysics, Novosibirsk~6J0090, USSR 
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• 

Fl u o.ri tes .f.ro1n pegmati tes of the Kent deposi t of 
the Central Kazakhstan have been investigated by a 
complex of techniques . The specimens under s t udy ar e 
crystals of a cube-octahedron habit of 6 to 17 cm in 
size with a distinct zona l ity . Ther e are 8 structural 
mineralogical zones r evealed from the core of crystals 
to the periphery, and fluorite in each of these zones 

• 

is distinguished in colour (light-blue to dark-viole~, 
nature and quantity of isomorphous impurities, values 
of some structural characteristics. A wide range ·of 
elements entering the structure as isomorphs such as: 
Y, :Mn, Gd, Si, Ti, P, Cu, Cr, Mg, K, Na, Al - has been 
revealed in various generations of fluorite. A dis­
tinct regularity, however, of a decrease in their con­
tents from early to later generations has been stated 
only for y+3, Gd+3, Mn+2• Variations in concentration 

. 

of these elements in the fluorite structure result in 
changing the-- speci,men colour. An increase in quantity 
of these elements in the structure was shown to change 

• 

the specjmen colour from light-blue to blue, violet 
and green. In particular, the intensively coloured va-

• 

rieties contain more yttrium than the light ones, the 
Y contents being higher in the zones of green colour 
than in the violet ones and the violet varieties have 
more Y than those of light-blue colour. 

The presence of impurity elements in crystals corre­
lates with values of a number of structural characte­
ristics. An increase in concentrations on Mn+2, Gd+J 
and y+ 3 leads to a decrease in the ''a'' pa rameter of 

0 

unit cell from 5.4644 to 5.4627 A, the crystal perfec-
tion being changed from early generations of fluorite 
to later ones. The perfection degree is determined by 

. 

microcrystal size, defect amount, concentration and 
character (ion size) of elements that enter the struc­
ture as isomorphs . A decrease in crystal structure 
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perfection degree from o.1•10-4 to o.2•10- 2, decrease 

in microcrystal size from 1860 to 1230 A and increase 
in. value of n1icrodistort:i.ons from 0.02 to 0.19 are ob­

served for the distinguished zones from the crystal 
.Jc o \"lard. s 

The j_nvestigations carried out on composition and 

struct~re of fluorite resulted in revealing the typo­
morphic ·characteristics that allow the changes in co­
lour of the specimens to be explained and conditions 
of r11ineral fo1~1nation to be determi11ed more precisely • 

IRRADIATION INDUCED DECORATION OF MINERIS AND STUDIES OF 

NATURAL CRYSTAL STRUCTURES 
I 

Komov I.L. Kulish E.A., IGFM, USSR 

Internal structure of natural minerals revealed by ')'-irradiation is found to contain in­

for1nation on crystal growth and development history. Decoration patterns of natural 

crystals have shown a number of elements attesting inhomogeneity of their internal struc­

ture (zoning, sectoral division, mosasic pictures, traces of solution-regeneration). Contrast 

of different structures and constitutions which reveals itself in colour of mineral is a char­

acteristic feature to measure the inhomogeneity. Crystals grown in relatively stable envi­

ronments are more or less homogeneous, their colour being uniform in the whole volume 

of the material. 

Difference in colour intensity and a kind of rhythmic colour zoning are indicative of 

temporal changes in composition of the mineral-bearing fluids. These pictures allow us to 

reconstruct the intricate dynamics of changes taking place in the environments in certain 

time intervals. Decoration of crystals by ,,-irradiation makes it possible to study the mech­

anism of the commonest natural phenomenon-that of solution-regeneration. Transparent 

quartz which seems to be absolutely homogeneous presents crystals having varying num­

ber of solution-regeneration zone. There have been found from 2 to 7 such in some crys­

tals. The regenerated parts of some broken or dissolved crystals have more intense col­

ouring as compared to the contemporaneous material. Dissolving and consecutive for1na­

tion of cones and ''funnels'' begin at the top of the crystal and ~then take over the whole 

belt of the prism faces. Citrine zones dissolve faster than the smoky ones. 

Irradiation allows us to determine limits of displacements and those of the mosaic 

blocks. Smoky crystals have mosaic structure as a rule, the mosaic block borders being 

seen on the faces of main rhombohedra showing a sort of streamline distribution pattern 

for colours. Highly mosaic crystals have usually low density of colours. Smoky-citrine 

quartz has been found to demonstrate inherited mosaics localized at the base of the crystal 
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though quickly wedged out. Coarse blocks have been fot,n4 ·a characteristic feature of am-
. 

ethysts. 
• 

Mosaics of growth as revealed by irradiation may serve a piece of evidence for 

heterogenous, unstable environments of quartz growth, possibly in solutions supersaturat­

ed by silica and rich in impurities. 

The density of colours has been found to increase near twin borders because free iur-
• 

face energy related to the twin interfaces adds at that boundary to the free energy of the 
. 

radiation defects. Impurity. and point de.fects concentrate on twin borders, there being no-

tably a lower number of these defects in any other region. 1irradiation is found to be a 

very promising tool to study the internal structure of minerals. 

Li War1n•ao, Wanq 
and Instruments 
l_a 11 z t101J • t3a ns u .. 

(Jiquar1q ar1d Ct1en (~tJ<)Y inq, Uepar·tn1,.:?r1·t of c3eology 
Ar·llllysis & J{esearct1 Centre:. Lanzt1ou University, 

·73oc)OJ., f)eoi:> .le ~ ::s k•.:>J.)IJblic of-: Ct1ina. 
• 

Zincovol tai te is a r1ew stJl.rJl1a t.e 111ir1er·al cJi$C;c>vet··ed at. Xi·tieshan 
in:ine ir1 (:;h .in\:i, l. '1~34. In tt1is pa~)~,~- ~ tt·1e (:t .. ys·tal ~:;tr1Jc·ture o·f tt1e 
r1ew rtlineral tlas been stuclie.~d. 

,~) <: r ~r' s ·t ;:i ·1. () .. ·;~ ·* () .. ~? * () .. 2 tn tf1 •N <1 s 111( :~ 1 1 r1t.8 d '"> n a (: ,_, 0 - 4 E rl 1 ··a f - N (:) r1 i t¥J s 
d :}.fi~ r·actc>nre ·t.i::; r· .. Cell di111 .. ~nsjor1s .3ncl or:ier11.atic>r1 m,:itrix for· data 
(~() ~l J .. e(~ ·1: i <)11 1A1e r" t~ c:;._._, l (..:: tJ la ·L E.1d by J. 8 <.l ~~ t - ~~(~ Lta t ·(·~s r··,:? f· i. rle tne n ·t. ·f t ,<.>i"ft ·2 .~ 
Centered r-eflections using MoKoe r .71cfit1tion (,,\=O. 710t°') with graph~te 
rr1onc>c: ~1roi11atc>r .. The cell ~1ar·arr1e ·ter g .L ve:3 a=27 .. 16(7( :~) A, V:::20055A , 
,l = J. 6 (. l<. 1:. l n 5 Fe ~> A J. <. Sc·) 4. ) J. 1 * l t~ H 2 c) ~) ~ L) i f ·f t' a c ·t i <) n j. r1 t ~ r1 s i t i e s . f o r 
r·e 'fle<.~t.1or1s t·\let--e 11lei3.~3.t...Jred tJy tl1f:> w;ia s(:;.:in te<::l1n1c1ue ~ tJSJ.nq a 
''clri.abJ.e scan s~1f?ed .. t·, t(~·>t. c1l of 4 l l :., r·ef. le(:tior1~> \IJer--·e 1neasur·ed up 
1·, o <:1. ma x i m tJ rrt 2 0 of 5 6° .. 11 4 '2.. w 1. t .. tl I c: 3 a w «l ~· <-: 1. as s i ·f i ~ d a s 

• 

tJ n o b s e r v e cJ r· e ·f 1 e c t l C> n s .. ·1 t1 E~ s y s t. e 111 a t i c a b s e r1 c e 
• • 

h k ~l- ~ 11 + k , ti + J. , k + l. ~ 2 n ~ 11 t< C~) .. 11+k~4 n ; 11 t·1 l 'I h ~ 1 \ 2 n uni. c~ Lt~·:> J. y c:Jt:~ ·f i ne ·t t 1e 
e~r)ace grc>UP af, Fd3c:. B.)' ~1 vere:1g) r1\~ ec.11.Jj. valer·•t :ir11.ensi ties, 74 5 
i ncit~fJ1~ ric:i(~ r11: r·f~ 'f': J. ec t. j. <.:>r1s tAJ ·it l·1 ] :• ,) • i) o' 1.-Je r·e tJlJ t .a it ·1ed • i) J. l r·•'.? f lec·t: i or1~:; 
were corrected fc>r· standard ir1·ten!:,) ty, Lorents.. and polar"ization 
f a<.:;·tors. 

1·t1e s ·t:ruc1~.1Jt"e wa~"'.\ S<)J.,1erJ ~)y ntc.)c~i•:>J. 111•~t.,f·1o<~fs df1•~i f(:>LJf"'ier syn·these.s .. 
1· t--1e sites i r1 ·t, r1e spa <~:e g t'C>UJ:> . F cJ 3<.~ f c> r · Fe .. l r1 a r 1d K a ·toms we re 
·fixed based 011 tl1e spa<:::e gt .. (.)IJP Qf t .. t 1e rnir1er;.~l, a11d cula11 :i.nat8d ·.in a 
t~r·i.al n1c>Cfel. 1·t1e oxvger·1 a ·to111s WEJr·E) f c't.1nd f r<:>rr1 FoLrr-:ier 5yr1thes~·~s. ~i 
a 1~ <:> 111 ~s c <::> 1J .1. c.i 11 o ·t b e f () u 11 (j <) u 1~ · b e c a 1J s P. ~) f t·. 11 ~ d i s o r cJ e re c:t 
di.strj .. bt.1tion con1pletel .v of water rilc>l~~c: 1 . 1lE:· ~ 1 t·1e an:isotrC)f)ic ·tt1ern1al 
paramf~ters fc)r •:tlJ . . ~1.·. (:>t11s hy lJJ. c.:><::l\-di c-1~(Jt1al ler:.:i~~ -t-sqL1.1t'es were 
refi.r1ed.. 1 he r·~finE:~nrer1t cc>r1ver·ged tc:> ar1 R ot ( J ~ ()5 7. 1 tle crystal 

. ' 

s ~· ruct: u_re of the .. z i. ncovo ~:a i te . n~a y ~~ c_i) f1S id·,~.red t ha 3 i "3 3-
d l fJI e r1 ""' l 0 n s c C> n t J. n lJ -~ lJ $ f t a "' e w () t k c. ( , n $ .l s t s .. f r F e () (; ] " 
[ZnC>4 (. ~1 2o) 2 J oc·t8:hedror1 c\r;ct (Kot 2J polyt1edror1 linked by (S04 ] 
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"tE~ ·t . r~at1edrot-, · .. a rid I Al ( rl "C> ) "~1 c>e:1.;:lt1 '?. (Jror·1 dj ~~c>rdet· ed -distribution 
f·il J. ecJ in ·tf1e qreat t·1oles',, f r·or11 the. ~ove c:~ r· t~ar1gen1en ·t.. Fe~+ ion is .. 

l<:>qa·tecl at tt1e Ot' i~1ir1 of ·tt1E· C'-:!l l. riarriE"!ly sym111ett 'ic c:er1·te1 .. ·, arid 
$1.Jr·rt .. <)tJnrJec:i by ::;ix <)XY<~·~r1 at~;)trts IJJ-?l<.>tl'.;1j11q t t:) i·~3tJ,, _1 witt1 <3. n1ec:1n 
f~~-t) .. di~:..t(ir1ce ·2 . ul~3 ( s )('.. lr·12 t i<)fl .i!:> ~=\ur1 .. ,:,1.Jr1cJed IJy t:<)Ur oxyqen 
at .. orns ~elongi ri~~ 1:'+ .l s.'J.1] arid tv.JC> C>~yger1 a·tc>1ns t)~lor·1ging tc> w~ter· 
111(:> l ec 1.1 l P. • l ~·1e I-•:! 3 l or 1 ~~ 1· 1. 1 '~; ~:? t. wo c.J 1. f f ,:~ rf! 11 ·t~ rJo:.' :·~ i l~-' l f7. occ: LJJJa n(~ .1 e~:; .. 
c1n~? is that. a pa r·L c>·f FE!Jt i(Jr1s <><::c:tJr»Y f i , ... ~, 1. ] y 32 ec1ui valant si t:es 
in tr1e L1r1i t-c~cll at1(J ·tt1~ l"' e s t <.)f r.: e 3 t ior1r. occur:>y 96 equvalao·t 

.. t ',} + . t . h t t F '5+ ~; 1 tes. ·tcqet 1E' ,.... \IJ J."L t 1 8 l) l rl · l c' r1 f, . f \ r 1ot ·1'? r one l ~· t, a t ·1e e 
·ior1::.; ~)<:; f~ 1~11:>Y 1-1al·f of~ ;-11 l ')6 t::qui v.-1 L .. :111 t. ~~i. t ... : ~3 ir1 tt·1e 1Jr1i ·t~-::.~ell. 1·1·1e 
M<..1ssbclLJe r spec~·t.r ... ur11 c>f ·t11c r11 ~i. r1et·a1 c:(:>ni: -j t" ff1ed t~1c.1 ·t 1.t1e Fe~+ ions 
of zi11(~<.)V<)J. 1:. <1i. tF! di ::~. tr·ib1.Jte in a<~ (~(_) r · <~iing t,,,_:> tt1~ t :or ·1r1et' pat·ter·r1. 

<-)(~ · t:. <3.t-1f:~c ·ir··<)f1 .. . :-i11<·J f':'!.- 1(: 1·1 ~< + i. < ~, ,., is !3 t.Jr· t .. <JIJr1cjf~ <1 l:J'/ l :l <:,xy(.Jt.~ r1 ;1t<)ffi~3- .. 1· 1e 

[- K~> 11 J polyl~1ecirc>r1 a rid r,~_r ·1(: 1 ~ ( ~t~.: C) .·~ , ·J <:>(; .. ·t.. ~~,~~cfr':> 11 lir1ked t>~ shari~1g 
b r1 ctge ox .vge r1 (:c:> , .. n~' r ·~ .. E~E, c: ct t.1s E.~ ·t. I ie K -c> ( 3 J <~J ls t<:1 r lc:e (. 3 • 2 ') 3A _) l ~> 
·5jqnifj. (:; .~1r1t 1.~)r1q~~ r ·· t.t1,:ir1 K-<)(4) (:i1 ::• t ;1r·1 c'; t-~ (2.8/6A .) with a dif ·fE~r·er1ce 
<·>·f 0 .. 34 .7A the c~oc>r ... djr·10t. i c>r1 c>·f K c:ttt(i CJ a.to111s t11us·t l1E! cor1~'i.det"ed tc> 
bl~ (,.:i o ·i·6 .. A.I. dt·,< ~> 1n W•:~::' f( ) l~Jr ·1 c1 f~ r<)t1 1 .-5 - t:f j_ u1r~ r1~ i 1~)r1 t=<)IJrit~ t .. ::~ y11f:l1e~-3is d11cj 

sLJrr(>t.Jnc·Jed b \' l~ ox v~1en a ·t.c>111s lJ•2 l c~r1qi r ·1~1 to water· molE~cule.. 1·r1e 
(r~ l. (11~~<)) 6 ] ()(:~ · t c:.if1P.<:Jt ·<)fl f i lJ. ~:!c:J ir1 t . r1 1 ~ <;lt ·f~ .1t fl() J.t= ~ti.vi11q r··ise ft"om 

· 1~ f1t~ at"' rangt~ 1n·~111: o ·f:: · t-. 11•.~ [ t:t:~'.) . l, l~ 11·1<J4 ( t·f';· 'J ),, 1 (:><~tat1e 1Jra 1 and 
t~ ~ A 

[f<:(1_1 ::·J P<')]. yl1f-~ctt--(1. Tf1i. ~; t-:<l<.; · t~ . ~3 l1< :)w ~3 t-. t·1.at t.l1e f)l att)t11 is <>ne of ·the 
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EXPERIMENT~~L STUDIES IN THE FELDSP~.\R SYSTEM 

CaAl2Si20e - Nao.~Lao.!5Al2Si20e 

F. Liebau and H.-J. Kneip, Mineralogisches Institut der 
. 

Unlversitat Kiel, D-2300 Kiel, Germany F.R.G. 

• 

Feldspars M( (Al2-xSl2+x)Oe) show remarkable chemical variation 

with regard to the non-tetrahedral cations M which can be mono­

valent ( M+ = Na•, K+, Rb+, Nff4+, Tl+ ) or divalent ( M2+ = ca2•, 

Sr2
+, Ba2•, Pb2+ ). In contrast, incorporation of~ trivalent non­

tetrahedral cations into the feldspar framework has only been 
• 

observed for M3 + = La3 + [ 1 J and, to a minor extent, for the lar-

ger rare earth cations Ce3+, Pr3 + and Nd3+ (2). To gain insight 

into the structure of such feldspars. 

NaxLaxCae-2x(Al2Si20e)e have been heated to 
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ducts studied by X-ray powder diffraction, electron microscopy 

and diffraction, X-ray fluorescence microanalysis, and · 29Si-NMR. 

The following results have been obtained. 

( 1) In the whole composition range ( OSxS4) the unit cell volume 

increases continuously with x following the linear equation 

V = 7 .609x + 1341.5 ( R = 0.996 ). 

(2) Deviations from 90° of the triclinic angles decrease with 

x; above x = 3.05(5) the feldspars are monoclinic. 

(3) Decreasing intensity and increasing diffuseness of b reflec­

tions on single crystal electron diffraction diagrams indi­

cate that the Al/Si distribution becomes less ordered as 

the 2Ca2• ----> Na+ + La3 • replacement increases. In accor­

dance, NMR spectra show that the portion of Q4(3Al) units 

increases; for x ~ 1 even Q4 (2Al) are observed. 

(4) Decreasing intensity and increasing diffuseness of c and d 

· reflections as x increases indicate that the distribution 

of the M cations is disordered and that the monoclinic 

feldspars (x~3.05) are I-centered with the most probable 

space group 121' c. . 

(5) Even with high resolution electron microscopy no exsolution 

into two feldspa~ phases has been observed. 

(6) Albite-law (010) twinning .has frequently been observed in 

triclinic, Carlsbad-albite la~· (001](010) twinning in tri­

cllnlc as well as monoclinic feldspars of the system . 
. 

(7) In the Ca poor part of the system under studj-1 there seem to 

be slight deviations of the chemical compositions of the 

feldspar crystals from the formula NaxLaxCas-2x[Al2Si20s)e. 

(1) Bettermann, P. & Liebau, F., Naturwiss. 63, 480 (1976) 

[2) Grammenopoulou, S.~ Diplomarbeit, ~iathem.-Naturwiss. 

FakultAt, Unlversitat Kiel, 1978 

• 
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GENESIS TYPES AND CRYSTALCHEMICAL CLASSIFICATION 
OF IRREGULAR ILLITE I SMECTITE INTERSTARTIFIED CLAY 
MINERALS 

• 

· Lu QI, Lei Xinrong, Liu Huifon, Test Center, China University o.f Geosciences, 
Wuhan, Hubei 430074, P .. R. China 

Irregular illite I smectite interstartified clay minerals (I IS) are of great signif­
icance to study diagenesis, classify strata, research quasicrystal structure, etc .. 

· I IS can be grouped into three types according to its geneses: diagenetic, 
• 

weathered, and volcano hydrothermal. 
. 

The characteristic of diagenetic I IS is that, along with the diagenetic degree's 
increasing, the I layers in I I S get raising, but S layers become less. It indicates the 
evolutionary process of clay from smectite to illite. The structural feature is that, at 

. the early stage, I IS is wholly random along Z direction, but at the later, partly 
regular. On the basis of a great many XRD patterns and data of I IS (the samples 

• 

. are from pellites and sandstones of Cainozoic, Mesozoic,and Palaeozoic groups), it 
is concluded that the process always shows discontinuity, i.e. the I layers in I IS 
are jumped from below 60% to above 80% , which just corresponds to the first and 
the second oil-forming zones. 

Weathered I I S has the feature that: the struture is wholly random, and I lay­
ers in I IS are ·below 60%, with their formation being controlled by the weathering 
degrees. This type I I S includes degenerated froms. 

. 

The volcano hydrother1nal I I S are well-crystalized, and have symmetrical 
XRD peaks, and are partly regular in structure. The I layers in : IS remain almost 
fixed in number. This type of I I S often can be found at P-T (Permian-Triassic 
system ) boundary. Both field and experimental studies as well as synthetic experi­
ment showed that the I IS are for1ned in an acidic medium, above 300. Based on 

\ 

the properties, the authors support the view that at the P-T boundary, there was 
cosmic dust falling down onto the earth surface, or volcano ejecting occurring on a 
large scale. 

Having studied more than one thousand I IS samples from every geological 
tim.es and based on the features of chemistries. and structures, I I S can be classified 
into 3 groups: whooly random, partly regular and quasicrystal groups. 

In the first group, the I layers in I IS are less than 60%, and they are poorly 
crystalized, the XRD peaks are very broad, sometimes could hardly even be found 
at a fixed position. 

The second group includes IS, ISI, and ISII regular forms. 
Based on the theory of quasicrystal particle fractional dimension model, and 

after analysing the I IS at the P-T boundary layer, it is found out that the I IS 
possesses two-dimension crystal and one-dimension quasicrystal structure, i.e. 
crystal structure is shown along X and Y, and quasicrystal along ~ .. <l:irection. By 
calculation, the authors proposed four types of quasicrystal I I S structure se­
quences (the details will be in another article being in press): 

1. ISIIIISIISIIIISIIIISIISIIIISIISIIIIS ..... . 
2. IIISIIIIIISIIIISIIIIIISIIIIIISIIIISI ..... . 
3. ISIISISIISIISIISISIISISIISIISISIISIISIS ..... . 
4. ISISIISISIISISIISISISIISISISIISISIISISIS ..... . . 
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The I layers in the above four sequences are . 76.51 %, 84.71 o/o, 61.80o/o, and 
58.20o/o respectively. They are just equal to the compositions of the I./ S at the 
P-T boundary of the four provinces (Hunan, Hubei, Sichuan and Zejiang) in 

China. ; 
U'l 
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\D • 0\ 
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Fig. XRD patterns of I I S 
at P-T boundary layer. 
A:Huangshi 1 HUBEI 
B:Sangzhi,HUNAN 
C:Guangyuan,SICHUAN 
D:Changxing,ZHEJIANG 
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• 

OF MINERALS IN CHINA UNIVERSITY OF GEOSCIENCES ' ' JJ 

Ma Zhesheng and Shi Nicheng, China University of Geosciences, Beijing,100083, People's 

Republic of China · 

In 1957, the famous mineralogist and crystallographer Peng Zhizhong completed the 

structure analysis of prehnite. This work filled the blank in this research area in China. He 

set up an X-ray laboratory and guided us in the new period on crystal structure of minerals 

in China. 
. 

The research work can be divided into three periods: 1) 1956-1966. During this time, we de-

termined some structure of minerals such as prehnite, barytocalcite, baotite, bertrandite, 

bafertisite, monoclinic astrophyllite, taaffeite, nigerite, szaibelyite, chevkinite, suolunite, 

aenigmatite, baryto-lamprophyllite, triclinic astrophyllite. We collaborated with the Insti­

tute of Atomic Energy and determinated the structures of cassiterite and barite by using the 

single-crystal neutron diffraction method. At that time only the photographic method was 

available in our laboratory and the intensities were estimated by eye. ~lthough the values of 

the conventional R factor were rather high (they were about 0.2 to 0.3), later experiments 

proved that all these structure were initially correct; 2) 1973-1980. Iii this period, we deter­

mined balipholite,carboborite, paracostibite, omeiite, isomertiete,cebaite. These structure 
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analyses were being perfor1ned while we were coordinating .with some other institutions to 

determine some minerals which were rather difficult to be identified. An X-ray generator 

with a rotating anode was used for photography. The computer began to be used. Greater 

accuracy was achieved. R indices about 0.09 to 0.18. 3) 1981-today. The crystal structure 

deter1nination entered into a .new stage, as we used 4-circle diffractometer to collect the 
• 

three dimensional data and used special minicomputer with SHELX-76 programme· for 

calculating. The refmement of some crystal structures were carried out for some minerals 

which were determined in the earlier period including carboborite, barytocalcite, 

balipholite, taaffeite, parahopeite, volborthite, chevkinite, barytolamprophyllite etc. R fac­

tors ranged 0.04-0.05. In the meanwhile, we deter1nined some minerals such as 

Mg-nigerite, tin-ludwigite, carbocernaite, dagingshanite, qingheiite, yimennite, geocronite, 

d'ansite, cebaite, ganziite, qitianligite, wolframoixiolite, barium-roscoelite, mengshanite, 

ailkangite etc. The following are some important discoveries in crystal structure deter1nina­

tion of minerals during the above periods: 

1) Discovering several new Si-0 radical in silicates: a) The framework-layer of prehnite, 

i.e. [Si3Al01o1!n-; b) The band for111 of Si-0 radical of astrophyllite, i.e. [Si40 1J!n-; c) The 

tetragonal-ring of baotite, i.e.[Si40 1J!-; d) The branch-chain of aenigmatite, i.e.[Si40 1:J8n-; 

e) A special double tetrahedra of bertrandite,i.e.[Si20 7]6-. · 

2) Discovering the eight-layer closest packing of taaffeite. 

3) Discovering the special phenomena of the polymorphism (4 modifications) of the 

chevkinite group and the polytypism of astrophyllite. 

4) Discovering the second order (or higher order) superstructure of F-RE fluo-carbonate. 

S) Discovering the order-disorder 'phenomena of the vacancy of laih11nite. 

6) Discovering the mode of ordering of various cations and anions and some rare ordering 

mode .. of additional anions. 

7) Discovering the phenomena of u opposite-crystallographic shearing6 in the structure of 

hechite. 
• 

8) Having collaborated with other units, we discovered many new minerals and new species 

by structure analyses, including: magnesio-astrophyllite, barytolamprophyllite. 

ortholamprophyllite, balipholite, furongite, xiangjingite, orthobrannerite, ruarsite, 

anduoite, clinotyrolite,tongbaite, tin-ludwigite, yimenite, daqingshanite, qingheiite, 

xillingolite, qitianglingite and ankangite etc . 
• 

Recently, the research on crystal structure of minerals enters a wider field. We took a lot of 
.. 

time to do the modulation structure of minerals: The sine wave modulation structure was 

discoverd in franckeite and cylindrite by TEM. A kind of one dimensional incommensurate 
• 

modulation ~was deter1nined in ankangite. The research on surface structure of minerals 

started with STM(Scanning Tunneling Microscopy). Having collaborated with Prof. Tibor 

Zoltai we investigated the surface structures of graphite and jamesonite . 

• 

• 
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THE STUDY OF THE CRYSTAL STRUCTURE OF ANKANGITE 

• 

Ma Zhesheng, Shi Nicheng, Zhou Jian, Liu Wei, China University of Geosciences, Beijing; 

Li Fanghua and Wu Xiaojing, Institute of Physics, Chinese Academy of Sciences, Beijing, 

People' a Republic of China 

Ankangite was discovered in a barite mineral deposit of Ankang Shiti in Shanxi 

Province,China.The chemical for1nula is Ba(Ti,V,Cr)10 16• The structure was considered as 

doubled priderite's lattice along c axis, when it was reported as a new mineral to the Com­

mission on New Minerals and Mineral Names of the International Mineralogical Associa­

tion.The lattice parameters are a= b = 10.127, c= 2.978 • 2= 5.956A. Space group is P4 In. 

This mineral was approved in 1986. During the structure analysis, it was found that the 

periodicity between diffraction layer lines in oscillation photograph along c axis was not in 

integral propotion. It is a incommensurate modulated structure. Therefore, the original lat­

tice parameter and space group should be corrected. 

The feature of X-ray and electron diffraction patterns is that there are two kinds of spots 
• 

with different intensity. The strong and weak spots correspond to main reflections and sat-
• 

ellites reflections respectively. The main reflections Cl:ln be indexed by reciprocal vectors a• , 

b •, c •,while the satellites can be written as 

... 

where 

H = ha•+ kb•+ le•+ mq 

q =re·= 1/2.27c• 
• 

The characteristic of the reflections are as follows: a) The regulated periodicity of the main 

reflections is 2.956 A along c ~is. The periodicity of the satellites corresponding to a cer-
• 

tain main reflection is 1Iq=6.72 A; b) The distance between satellite and center of two 

main reflections along the c-axis is u = 0.81 A; c) With the extinction of the main reflec­

tions, the corresponding satellites are absent. 

The detertnination of the substructure of ankangite follows. A crystal, 0.2 • 0.25 • 0.40mm 

in size, was mounted on the NONIUS 4-circle automated diffractometer (The Department 

of Chemistry, University of Minnesota, USA). The intensity data of the main reflections 

were collected with MoK« radiation.535 independent diffractions were obtained in the 

range of 29 < 80 ° . The Lorentz and polarization corrections and absorption corrections 

were made.The sub-cell parameters are a=b= 10.139(4) A, c=2.961(2) A. Space group is 

14 Im. The substructure is isostructural with priderite. The least squares method was ap­

plied to refming the atomic fractional coordinates and anisotropic temperature factors, 

R= 0.039. • 

The atomic coordinates and ther111alparameters are shown in Table 1. 
Using high resolution electron diffraction image and X-ray diffraction method, ankangite 

was fmally identified to be a one-dimensional incommensurate modulated structure along 

the c-axis. The modulation wave vector is q = c * I 2.21. According to classification of 
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• Tabe 1. Atomic Coordinates and Ther111alparameters of Ankangite 

, 
Atoms x y z Beq 

Ti(V) 0.1652(1) 0.3494(1) 0.0000 O.SS(6) 
01 0.2026(2) 0.1556(2) 0.0000 0.43(2) 
02 0.1673(2) O.S390(2) 0.0000 O.S7(3) 
Ba 0.0000 0.0000 0.3790(6) 2.60(2) 

Bravais class derived by De Wolff, the incommensurate modulated structure is p 141
mmm 

1 111 

(No.21). The four-dimensional super space group of ankanaite is pI4 /m since the space . ,,... 11, 

group of its substructure is 14 Im. The modulated structure is caused by occupancies and 
displacements of Ba cations in the tunnel. 

• 

*Project supported by the National Nature Science Fund of China 

. ~ LOCAL STRUCTURES AROUND Ti, er AND Fe ATOMS IN GLASSES OF ROCK-
~1 ~~,~ . l FORMING SILICATE SYSTEMS 

• 

FoMarumo, YoTabira, ToMabuchi and H.Morikawa, Research Laboratory 
of Engineering Materials, Tokyo Institute of Technology, Nagatsuta 
4259, Midori, Yokohama 227, Japan 
It is well known that some transition-metal elements show large 
effects on crystallization of rock-forming minerals from silicate 
melts, whereas others have only trivial influence on phase rela­
tionso For example, addition of a small amount of MgCr204 into 
the system Mg2Si04-CaAl2~i209-CaMgSi206(Di) expands significantly 
the spinel primary field, but the addition of CaTiAl206(Tp) affects 
the liquidus phase relation only slightlyo The difference is sup­
posed to have some correlation to the local atomic structures 
around the respective transition-metal elementso With the inten­
tion of elucidating the correlation, the coordinations of Ti, Cr 
and Fe atoms in silicate glasses were investigated with X-ray 
diffraction and EXAFS spectroscopy, by choosing the systems Di-
Tp, Di-CaCrA1Si06(CaCrTs) and Di-CaFeA1Si06(CaFeTs)o 

Glasses with compositions of TplO, 20, 30, 40 and 50 wt% and 
Di end member were prepared from reagent grade chemicals by melt­
ing their mixt11res and then dropping into ice water. The glasses 
prepared have the compositions with 105 1 2o5, 4o0 and 5.0 wt% 
CaCrTs, and 20, 40, 60, and 70 wt% CaFeTs in the systems Di­
CaCrTs and Di-CaFeTs, respectively. The diffraction data were · .. 
collected on a powder X-ray diffractometer with Mo Ka radiationo 
The Ti K, Cr K and Fe K EXAFS spectra were measured on the 
glasses with an EXAFS spectrometer at the Photon Factory in the 
Institute for High Energy Physics, Tsukubao As for TplO, Tp30 
and Tp40 samples, diffraction data were· also collected on the molten 
state with an X-ray diffractometer specially designed for use of 

. synchrotron radiationo 
The analyses of the observed data showed that a significant 
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part of Ti atoms take fourfold coordinations both in the melts 
and glasses of t he Di-Tp system, whereas Cr atoms in the Di­
CaCrTs system take entirely sixfold coordinations even in th·e 
composition range with a small amount of CaCrTs o The strong pref­
erence of cr3+ to octahedral sites seems to stimulate crystal­
lization of spinel, where cr3+ ions occupy the octahedral sites 
with a slight distortion . on the other hand, Ti4+ ions can 
occupy either octahedral or tetrahedral sites, and addition of Tp 
does not extensively change the structure of the melt.The fact seems 
to be a reason why the diopside primary field covers a wide range 
of the Di-Tp system. 

The Fe K EXAFS spectra indicated that Fe atoms take both octa­
hedral and tetrahedral coordinations in the Di-CaFeTs glasses, 
giving practically constant mean Fe-0 distances. Therefore, 
drastic structural changes are not expected also in the melts of 
this system, when the CaFeTs component is increased o The phase 
diagram of this system has again a wide pyroxene primary field. 

The above observations suggest a close relation of the 
coordinations around transition-metal atoms in amorphous silicate 
materials to crystal-field stabilization energy ~ The cr3+ ion has 
a large crystal-field stabilization energy in an octahedral field, 
whereas the Ti4+ ion has no crystal-field stabilization energy in 
either of the tetrahedral or octahedral field. The Fe3+ ion has 
five 3d electrons and no crystal-field stabilization energy in the 
high-spin state. Thus, the crys·tal-field stabilization energy 
seems to have a primary importance in the process of crystal­
lization from silicate melts containing the first period transi­
tion metal elements. 

' 

• . 

STRUCTURAL AND CHEMICAL TRANSFORMATIONS OF ZIRCONS AT 

• 

EI,EVATED TEMPERATURES AND :PRESSURES S6. l, . {~. 
A.V.Maslenikov, Institute of Precambrian Geology and 
Geochronology USSR Academy of Sciences, nab. Makarova 
2, Leningrad 199034 and N.V.Kotov, Geolo ical Faculty, 
State University, Universitetskaja nab.7 9, Leningrad 
199034 USSR 
The crystal structure: of metamict zircon is subjected 
to recrystallization both by heating in air at tempe­
ratures up to 1400°0 for 10 days and during hydrother­
mal treatment at 1kbar, 300-600°0 in pure water and 2M 
NaCl solution for 3 days. The structure regeneration 
is identified by the X-ray powder pattern being con­
firmed by unit-cell parameters. Fig.1 shows a conjuga­
ted linear change of U and Pb-contents from point 1 
(initial sample, near concordia) toward point 6 situ­
ated near the origin and corresponding to the follo­
wing conditions: 1kbar, 600°C. The similar behaviour 
of Pb and U was also observed in crystalline samples 
of zircon as a result. of their treatment by 15% HN03, 
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200°c. Thus, defect domains of matrix are being affec­
ted both by hydrothermal treatment and acid leaching • 
A combined hydrothermal treatment of zircon and vitre­
ous oceanic basalt in two adjacent ampul.es at 1kbar, 
300-600°C revealed .no diffusion transport o! typical . 
zircon elements: Zr, Hf, Y, Sc, Yb into basalt whose 
recrystallization results in the formation of smect.i­
te and mixed-lay.er phases with a high sorbtion ability. 
The electron microscopic (Camscan, Link) study of the 
reactor walls showed neither material transport in va­
pour p~se nor subtraction of the matter from the am­
pule with zircon have been found tUlder thermogradient 
hydrothertnal conditions. 
These results are important for the interpretation of 
geochronological data on naturally occurring discor­
dant zircons • 

Fig.1. 

• 

• 
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The relative Pb and U mobility at different 
conditions of zircon treatment: 1-initial 
sample; 2-300°0, 2M NaCl, unwashed; 3-300°0, 
2M NaCl, washed in 151· 03 at 80°0; 4-J00°C, 
2M NaCl, wash~d in 15%HNO at 200°0; 5-600°c. 
2M NaCl, unwashed; 6-600° , 2M NaCl, washed 
j,n 15%HN03 at 200°C. a - concordia 

• 

· DEVELOPMENT of the IDEA about the ESSENCE of MAIN 

MINERALOGICAL OBJECT 
, 

Powarennych Michael, Institute of Mineralogy, Geo­
· c~em~~try and Crystal Chemistry of Rare Elements, 
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Moscow, 113127, USSR 
Evrystic fruitfulness of the approach to reveal the 
essence of the main mineralogical object has been 
shown earlier (Powareneych,Onoprienko,1986;Powaren-

· nych,1988,1989,1990) g As far as we concern the esse­
nce of any natural system as its inner motive - law 
of self-motion we define that for the ''mineral'' sys­
tem consists in the discordance between the condensed~ 
and diffused state of substance realising itself in 
the form of adsorption-desorption in thin layer of 
space on both sides from the phase boundary. This di~ 
scordance is settled by formation of' ''s u r f a c e''· 

- an immanent virtue of any mineral. This virtue 
does not inherent .to the objects of less evolved mat­
ter forms · such as atoms, molecules and elementary 
fractions o All history of mineral evolutio·n from ge­
neration · to its desintegration is imprinted in its 
surfaces. Any point in mineral volume was the point 
of its former surface sometimes. It is just on the . 
mineral surf aces that genetic information can be ''re­
corded'' as a measure of negentropy in energy-substan~. 
ce distribution · in the nearlying sphere of space-tem-. 
poral continuum. This genetic information is fixed in 
the structure of arrising mineral body and manifests 
itself in its properties. · 
As it is shown in the proposed structural scheme of 
the object of mineral level o~ matter evolution (Po­
warennych, 1990) it ccnsists of three following ele­
ments (the main triad): m i n e r a 1 e m b r y o , 
protomineral (m.E), system of i n n e r s u r f a -
c e s insurted into · each other (iS and o u t e r~ 
s u r f a c e (os), i.e. M(Mineral = m.E + iS + oS o 

The members of the main triad in their turn consists " 
of triads. For instance, m.E consists of:1) e n c l o-
s e d sphere of space-temporal continuu~ which 
may have Riman topological metrics (eC*),2 clothed · 
by primary surface (s u r f a c i a 1) - quasisolid­
quasiliquid e a r 1 y f i 1 m (eF*),3)stabilised by 
primary a d s o r p t · i on 1 a y e r (aL*), i.e o 

mE = ec• + eF• + aL* • Each element from the iS-sys­
tem is an enclosed four-dimensional generation and · 
consists of:1)d i s o r d e r e d s u r f a c e wit~ 
unevenly saturated atomic bonds (dS),2)a d s o r p -
t i o n 1 a y e r (aL) and'3}e n v i r o nm e n t · 
i n c 1 u s i o n s (eI), i.e. iS= _ dS + aL + eI)n• 

. Mineral-medium interaction occurs ·the sphere of 
space on both sides from the phase boundary where 
substance-energy-information interchange proceeds : 
(s t r u c t u r e d e n v i r o nm e ·n t , sE). 
Thus, the o u t e r s u r f a c e (oS consists of 
the most disordered outer surface (dSo , ad~orption . 

• 
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layer (aLo) and structured environment (sE0 ), i.e. 
oS = d.So + aLo + sEo • 
As it follows from the proposed scheme one can apro­
ximate the iS-system by the model of spacial crysta­
lline lattice, i.e. the up-to- date adopted crystal 
chemical paradigma. · is included in now creating one as 
a · constituent part. It allows oneself for the f t .rst 
time to give an e s s e n t i a 1 definition of the 
o b j e e t of mineralogy, compare the definitions 
of ''mineral'1 , ''crystal'' and ''mineraloid'' based on itha 
prevaling role of one of three main triad members. 
One can ·receive basis of the paradoxical Vernadsky's 
idea of widening of ''mineral'' notion. The proposed 
scheme makes possible to create nonartificial, ' 
n a t u r a 1 classification of mineral level matter, 
evolution objects - Periodic System of Minerals • 

• 
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CTPYKTYPIWl ex~ crl'PO~ MruiEPAJIA - OCHOBHOro OBhFXI'A ~YHJ,W.tm'I'AJfhHOa HAYlGf MHHKPAJIOI'HH 
( IIOSlCH8HIUI - B T6KCT8) • 

• 

~~.\1 RYSfAL SfRUCTURES OF RARE-EARTH MINE * 
Ritsuro Miyalltllki, Ceramic Technology Department, Government 
Industrial Research Institute, Nagoya, Kita, Nagoya 462, JAPAN 
and Izt111j ·, Department of Chemistry, University of Tsukuba, 
Ibaraki 305, JAPAN , 

The rare-earth elements (REE)cx:mprise lanthanides (Ln), yttrium 
(Y) and, in sane cases, scandium (Sc). The hi h oxidation state 
(3+) together with large ionic radii (aOOut 1 ) account for the 
characteristic behavior of rare-earth elements in crystal 
structures as well as in geological processes. 

So far, a total of-aOOut 160 kinds of rare-earth minerals have 
been described. The rare-earth minerals always contain a variety 
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of rare-earth elements. Fran a view p:>int of the distributior1 of 
rare-earth elements, rare-earth minerals can b= classified into 
the fallowing three groups: a group with the abundance of Y­
group rare-earths; a group rich in Ce-group rare-earths; and a 
group comp:>sed of minerals having both Y-group dominant and Ce­
group dominant species. . 

Crystal structures have teen rep:>rted for about a half of the 
known rare-earth minerals. The structure analyses revealed that 
ma.ny of them were solid solutions among the rare-earth ions and 
other heterovalent ions with ionic radii comparable to those of 
rare-earth ions such as Na+, · ea2+ and Th4+, whereas sane of the 
rare-earth minerals had independent crystallog-raphic sites for 
rare-earth atoms. It is known that the similarity of ionic radii 
and electronegativities are generally the most important factors 
for isomorphous substitutions among the physico-chemical 
properties of elements. 

The rare-earth minerals could be classified into the following 
6 groups with a few exceptions: 
(1) minerals with crystal structures containing isolated 

triangular anionic groups: e.g., bastnaesite, ancylite, 
(2) minerals with crystal structures containing only isolated 

tetrahedral anionic groups: e.g., monazite, xenotime, 
(3) minerals with crystal structures containing anionic groups of 

tetrahedral ions: e.g., yttrialite, gadolinite, 
( 4) minerals with crystal structt1res oontaining anionic groups of 

tetrahedral and octahedral ions: e.g., allanite, mosandrite, 
(5) minerals with crystal structures containing anionic groups of 

octahedral ions: e.g., fergusonite, euxenite, 
(6) minerals with crystal structures without anionic groups: 

e.g., fluocerite. · 
The CXX)rdination numbers of Ce-group rare-earths are similar to 

those ·of calcium and are generally higher than those of Y-group 
rare-earths. The CXX)rdination numbers of the Y-group rare-earths 
are fran 6 to 9, among which the most frequently observed n_ 
is 8. On the other hand, those of the Ce-group rare-earths are 
from 7 to 12, and the most frequently observed number is 9. 
Consequently, the isanorphous substitution between Ce-group rare­
earlhs and calcium is more frequently observed than that between 
Y-group rare-earths and calcium. On the other hand, thorium ions 
tend to be substituted by Y-group rare-earth ions rather than by 
Ce-group ions in the octahedral sites as observed in brannerite 
and davidi te. The structt1re of Y-group rare-earth mineral is 
different from that of Ce-group rare-earth mineral when these 

- structures belong to the groups (1) and (2) owing to the 
difference in the ionic radii between the two groups, even if the 
chemical f or111ulae of the two minerals are similar to each other: 
e.g., tengerite, Y2(C03)3·nH20 (n=2-3) lanthanite, 
I.a2(<n3 )3•8H20, and xenotirne, YP04 monazite, CeP04. These 
minerals do not have infinite framework structures, and the 
anionic groups in the structures are isolated · each other and 
connected by rare-earth atoms to form three-dimensional 
structures. Therefore, the size of RE-p:>lyhedron affects the 
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whole structure. On the other hand, structures having tight 
framework as is seen in the structures of gadolini te, allani te 
and aeschynite, are not affected by the sizes of the RE­
:polyhedra, because they can accept RE-:polyhedra of any sizes 
without rearrangement of the structure. In addition, the 
coordination numbers of rare-earth atans tend to increase in the 
order of silicate, phosphate, car:bonate. This is explained by 
the decrease in the :bond-strength accornpcmied by the oxygen atans 
of Sio44-, P043- and co32- ions, which have average negative 
charges of -1, -3/4 and -2/3 per an oxygen atom, respectively. 

The charge compensation mechanisms in the solid-solutions of 
rare-earth minerals were classified into the following 4 types: 
a) substitution accornpcmying vacancies, 
b) coupled substitution within a rare-earth site, 
c) coupled substitution at 2 independent crystallographic sites, 
d) substitution accompa.nying valence variations. 
* Published annually in Rare Ea1·th(J. of the Rare Earth Soc. of 

JAPAN• ) / #11 / 1 -1 33 ( 1 987) / #131 1 -42 ( 1988)1 & #15 / 1 -12 ( 1989) • 

/- SOLID-sTATE NMR STUDY ON KAOLINITE WITH VARIOUS 

• 

HINCKLEY INDICES 
Ritst1ro Miya~ki, Shinji 'Ittrura, Yasuo Shibasaki, 
Ceramic Technology Department, 
Gov. Indust. Res. Inst., Nagoya, Kita, Nagoya 462, JAPAN 
f.tlsaha1·u · , · 'Ibri yane, 
Radiation Research Department, 
Gov. Indust. Res. Inst., Nagoya, Kita, Nagoya 462, JAPAN 
and Soichiro Sa11eji11e, ·Engineering Research Association for 
Artificial Clays, G.I.R.I.N., Kita, Nagoya 462, JAPAN 

Kaolinite with high plasticity has been widely used as raw 
material for ceramics. The crystallinity of kaolinite is one of 
the factors closely related to the plasticity. The crystallinity 
has been usually estimated by the Hinckley indices whichare 
calculated from the intensities of X-ray powder diffraction 
pa.tterns. Recently, several attempts have been made to clarify 
the physical meaning of the Hinckley index(Plan~on et al., 1988; 
Brindley et al., 1986; Kanarneni et al., 1985; etc.). 

In the present study, a total of 10 (5 natural and 5 
synthesized) kaolinite samples with various Hinckley indices were 
examined by high resolution solid state NMR to reinvestigate the 
relationship between the Hinckley index and the short range 
ordering. The natt1ral samples examined are Kanpaku kaolinite, 
API-No.9 standard kaolinite specimen, Georgia kaolinite, Kibushi 
clay and Gairane clay. The synthesized materials were prepa.red 
from amorphous mixture of silica and alumina by hydrothennal 
treatment (Miyawaki et al., 1989). X-ray :powder diffraction 
patterns of the samples were measured on a RIGAKU RAD-IIB 
diffractometer using graphite rnonochrorna.tized Cu.Ka radiation by 
the step scanning technique. 29si and 27Al NMR spectra were 

-332- • 

• 



:>tained with a BRUKER-MSL- 200 s~ctrometer operated at 39. 763 
-~qz for 29si and 52.140 MHz for 27Al. Powdered samples were 
~eked in rotors and spun at about 2.5 or 3.5 kHz for Si or Al, 
respectivel~ in a magic-angle spinning probe. About 300-1600 
s cans for 9si and 120 scans for 27Al were accumulated. The 
agnetic field strength was 4.7 T. Chemical shifts were 

measured relative to TMS or a -Al203 for 29si or 27Al, 
respectively. 

Although all the 29si NMR spectra. of kaol inite samples showed 
:!C2J s around -92 ppn, the shapes varied cor1siderably. 

IX:>ublet s were observed in the spectra of kaolini tes with 
higher Hinckley indices, i.e., Kanpaku kaolinite, API-No.9 
standard kaolinite specimen and kaolinite synthesized at 300°C. 
On the other hand, kaolinites with lower Hinckley indices, such 
as Gairome clay and Kibushi clay, ve broader single s. The 

increase of the Hinckley index (Fig. 1). The natt1ral samples and 
the synthetic ones can be divided into two groups as shown in 
Fig. 1. The difference between the natural and synthetic 
kaolinites was also observed in the shapes of 27Al NMR spectra, 
which show canplex er pa.tterns due to the quadrupole effect. 

The dependence of the widths of 29si NMR spectra on the 
Hinckley index suggests that short range disordering around Si 
atom in kaolinite decreases the Hinckley index. Hence, the 
Hinckley index should be related not only to the long range 
ordering but also to the short range ordering, as opposed to the 
r~sult of Kanarneni et al. (1985). · 

• 

Syn.,220°C:+1.0M M:JCl2 
• 

:+0.1M LiCl 

Syn.,220°c:+0.1M M:JCl2 
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~ .. I J • 
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Fig. 1. Relation between the Hinckley index and P.W.H.H. of 
29si NMR spectra. 

Brindley et al. (1986) Clays & Clay Minerals, 34, ~39-249. 
Kanarneni et al. (1985) Clay Minerals, 20, 327-334. 
Miyawaki et al. (1989) ABSTRACTSt 9th Int. Clay Cont., p.263. 
Plan~on et al. (1988) Clay Minerals, 23, 249-260 • 
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CHLORITE POLYTYPES IN PHYLLITES OF CIMA D'ASTA 

(SOUTH-EASTERN ALPS, ITALY) 
. . 

Luciano Poppi, Dipartimento di Scienze Mineralogiche, Universita di Bo-
• • • • 

logna, Italy 
• 

• . 
. 

• 

· In phyllites l.s. of Cima d'Asta (South-Eastern Alps, Italy), there are 
. . . . . 

chlorites with different chemiGal ·composition and different polytypism. The 

aim of this work is to discuss the ·~ifferent polytypes found as far as thermo­

dynamic crystallization features are concerned. 

• • 

. . . 
• • 

• . 

The analyzed samples are from low- to medium-grade metamorphism 

in a volcanic-sedimentary sequence resulting from interlayering of mafic and 
. 

felsic metavolcanics with metasediments. 

Well-defined correlations between unit cell dimensions and chemistry of 

the mineral are shown, in particular: 
. 

- c decreases as (A11v + Alv 1 ) increases; 
. 

- b increases as Fe/·tV 1 ratio increases; 

- {3 see.ms to be linked to the feature of the whole octahedral populations. 

Most chlorites belong to polytype Ilb; lb type (often co existent with 

polytype lib) and la type were also found. When the Ilb and lb p~lytypes 

are co-existent, the frequency of lb seems to increase as metamorphic grade 

1ncreases. 

Regarding polytype lb, the variation. in ·t.he ,fJ {90° < ,8 < 97°) angle is 

discussed in connection both with the chemistry of octahedral sites of the 

m1ne1·ai and the metamorphic grade. In particular, it seems that the Fe/~VI 

ratio, rather than the. variation in the metamorphic grade, is responsible for 

tht lowering in the symmetry . 

- . 

COMPARATIVE CR.YSTAl) CHEMISTRY OF NEW MINERALS FROM 
ALKALI NE ROCKS. 
D·Yu~Eushcha~ovskY, N.A.Yamnova, T.N.Nadezhina 
DePartment of Geology. Moscow University, 119899 
Mo scow, T_JSSR 
Five new minerals were recentlY described in alkaline 
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rocks of Kola Peninsula and North Ural. The review 
summarizes the results of their structural . 

determinations, realized in the DePartment of 
CrYstalloBraPhY <Moscow Un1vers1tY) ~ur1ns the last 
three Years. 
The structure of grumantite NaCS1204<0H>l •H20 
<Lovozero alkaline massif) contains a new tYPe of 
interrupted framework, untYPical for the tetrahedral 
comPl exes [T205l. It 1 s formation can be connected w1 th 
the Presence of COH)-groups, which decrease the average 
nesat 1 ve charge Per one tetrahedror1. 
CI1nobeho1te BeCOH>2 was found in des111c1fied 
pegmat1tes of North Ural in association with other Be-
m1nera1s: bavenite, bitYite, ginzburgite. Its 
structure 1s composed of 3-laYered sheets of Be­
tetrahedra linke~ bY H-bonds. The different tYPes of H­
bond.s are def1n1t1velY r·evealed in. the IR-spectrum of 
cl 1nobeho1 te. 
Ban1os1te Ba3<T11.2Nb4.9>S14025.4 was identified in 
carbonat1tes 0£ VuoriJarvi <Kola Peninsula ), Its 
mixed frameworK contains the 
three Nb-octahedra in the~r 

octahedral columns with 

PYrogroups CS1207J. The anBle 
sections. linked bY 

Si-0-51=180° is a 
peculiar feature of this structure. 
Two new carbonates were found 1n 
Kola pe111r1su1a. The structure 
Na5BaTh<C03>5· 6H20 contains the 
comPlexes,formed. bY the Th-icosahedron 
six CC03l-trian£les. 

pegmatites of the 
of tul1oK1te 
isolated. mixed 

sharing edges with 

The other new carbonate Na3Ca{Ca.Hn> <C03>3F 1s 
caracterised bY the .new tYPe of mixed framework, built 
of the Ca-octahedra with shared edges and of <Ca,Mn>­
octahed.ra, linked bY the corners with · six CC03l­
triane1es. 
The corm:>arative crYstal chemical analYsis of studied 
minerals . al 1 owed us to represent the connections 
between chemical compositions and their structures . 

• 

STRAETLINGITE AND VERTUMNITE: A POLYTYPIC PAIR OF 
• 

MINERALS 
Michele Sacerdoti, Istituto di Mineralogia, Universita 
di Ferrara; Romano Rinaldi, Dip~to di Scienze della 
Terra, Universita di Cagliari, Elio Passaglia, Istitu­
to di Mineralogia, Universita di Modena, Italy 

The crystal strqcture of straetlingite · h9s been sol -ved (space group R3, a=S.745(7), c=37.77(l)A) and corn-
• 

pared with that of vertumnite (space group P63/m, a= 
5.755, c=25.12 A; Galli & Passaglia, 1978). The two mi 

• 
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nerals differ in the stacking scheme of the two funda­
mental polyhedral sheets normal to the c direction. In 
vertumnite the octahedral sheet (0), with ideal compo­
sition ca2Al(OH) 6 .H2o +, and the tetrahedral module (T), 
with ideal composition (Al, Si)2~.5o2 (OH) 6 .0.12H2 o]-, are 
stacked according to the scheme: 0 T mT mO, whereby a 
double tetrahedral layer is obtained by mirror symme­
try. In straetlingite such sequence becomes 0 T -T -0 
with a centre of inversion as the symmetry operator, 

· hence the lengthening of the c repeat. 
New chemical data obtained on vertumnite and their 

comparison with those of straetlingite are in agree-
• 

ment with the present polytypic structural scheme, 
thereby further testifying to its correctness . 

Reference 
Galli & Passaglia, TMPM 1978, 25, 33-44 . 

• 

Shen Jinchuan Mi Idnxi.ao 
• 

China University of Goosciences, Wuhan 430074, China 
. 

Cordylite, a rare earth carlx:nate mineral, BaCe2(C03) 3F2, was first discovered 
and described by nink, G (1901) in Nars of soothern and. Its struture 
was propc:sed by Oftedal, I (1931). After then, new data en cordylite 1Ee 

added by G. et al. (1955) and T.T. Chen et al (1975). But there has been no 
reliable chemical and structural data supplied, many points oo cordylite still 
resMjning foggy. 

We observed that there are many similar points in X-ray p::Mder data and general 
physical properties aiocog cordylite, bai ite-{Ce)(NaBaCe2(C03) 4F) and a new 
mineral (Cao.5D 0 .5)BaCe2(C03) 4F ' proposed by us. After authors' studies of these 
three minerals in detail, we think the cordylite should be redefined for the 
following reascos. , 

(1) 'Ihe canpatibility values (1 - 1\..t'· Kc) of cordylite are very JXX)r (- 0.1896 and 
-0.2139 respetcively for data give.! by T.T. Chen (1975) and ideal chemical 
canp:>sition). (2) 'Ihe structure of cordylite assunel by Oftedal, I (1931) is in 
contradictioo with its optical properties and its space g1oop. (3) '1be mean 
occupied volmie of the single large catioo {tDri.t cell vol\utie I total number of 

· large catioos in cell) of cordylite is UD\JS\tal (86.2 A 3
). It is llllCh larger than 

those in other similar minerals (as cebaite-(Ce), h ite-(Ce), the new mineral 
etc. they are aboot 72 A 3

;) (4) Cordylite bas oo coordinatim polyhOOroos sjRrilar 
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to h ite-(Ce) etc. (5) 'Ihe structure of cordylite is not canparable with other 
similar minerals. But the structure and c-axis parameter of new (Cao. s 

0 0.5)BaCe2(C03) 4F can be deduced fran h ite-(Ce) in such a way : the {F-Ba-F} 
triple layers (2*0.6259) in huanglleite-(Ce) are replaced by the single layer of 
{ca+FJ. 'lbe c-axis value of the new mineral should be (8/12=2/3)*38.40 - 4*0.6259 = 
23.0964A, which is very near the c axis value 23.017 A meaSl>red by the authors. 
Canp3ring the n1nnber of large catioo (Ba2

+, Ce3"1. in hi1ang11eite (6 Ba and 6 Ce in 
cell) and cordylite (2 Ba and 4 Ce in cell), we found that the c-axis parameter of 
cordylite should be less than {1/2)*38.40 = 19.20 A. 'Ibis value is much Slt\aller 
than 23.050(5) given by T.T.Chen. Both the chemical canp:>Sitiai and structure of 
cordylite are unreasonable and in contradictioo. with .each other. (6) 'll>.ere are no 
a t differences in X-ray powder data, physical properties, DTA, IR etc. except 
chemical CCfllP)Sitioo and crystal structure supposed by Oftedal aioong cordylite, 
bai ite-(Ce), new (Ca0.50 0 .5)BaCe2(C03}4F'. 

Baiyunelx>jte-{Ce) was discovered by Prof. Fu · 'u in 1987. it is a Na-Ba-RE 
fllK>I carbalate 1nineral. It differs fran cordylite descrilel before, by structure 
and chemical ca1p:sitioo. Baiyuneboite-(Ce) is isostructural with 

Ca0 .5BaCe2(C03) 4F. Na atans in bai ite-(Ce) have their own specific sites in 
the structure. '!here are no Na atans existing in cordylite described earlier. 
Accord;ng to Dr. J.A. · , recently Prof. J. et al. have found that 
type cordylite fran Greenland contains essential Na. Baiyuneboite-(Ce) and type · 
cordylite are identical. But the minerals quoted as cordylite fran other locatioos 
need not be eqt1ivalent to baiyuneboite-{Ce) or type cordylite. For an example, 
cordylite djscovered in Baiyun Obo, China are not a single mineral. 'Ibey should be 
bai ite-(Ce) orCa0.5BaCe2(C03)4F or a m]neral with CXlr(J;)JSitioo between them. 

We affjim that the minerals quoted as cordylite before, discovered in Greenland, 
canada, China etc. may actually be bai ite-(Ce) or Ca0.5BaCe2(C03) 4F or other 
jsa\Ut·Jiois minerals. To clarify such CCllfusion, we think it be better to redefine 
cordylite as a group name; baiyuneboite-(Ce) and Ca0•5BaCe2(C03) 4F as its 
ilmivid\ml species. '1be general forn•la for cordylite can be written (A1_x, 
Bo.sxBaCe2(C03) 4F , in which~ may be Na+ ••• ; B may be Ca2+ •••• New mjneral. species 
of the oordylite group, caitaining catioos other than Na, ea, will likely be 
discovered in the fut\1re • 

• 

Determination of the Second order Superstructure of Cebaite 

Shen Jinchuan(it~ .JrJ) and Mi Jinxiao(~J!~f:it() 

China University of Geosciences, Yujieshan, Wuhan 430074,P. R..C . 
• 

Cebaite is a Ba-REE fl u. or-carbonate mineral discovered ir.. the Bayt1i: Obo 

Nb-Ta-It EE iron ore deposit in Inner Mongolia of China in 1964.Its ideal chemical 
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• • 

• 

• 

formula is Ce~a3(C03)5F 2.Since its li1ht(C,F) and heavy(Ba,Ce ... ) atoms are quite 

different ,and Ba and Ce ere very similar in their X-ray scattering capabilities,the actural 
. 

structure of the mineral has not been accurately determined experimentally before this 

work.In this study we have successfully completed the single-crystal structure analysis of 
• • 

cebaite.Samples were obtained from the West M inin1 District of Bayun Obo.3-D 
• 

diffraction intensity data were collected with a RASA-SllP Model high-power four~circle 

sinsle crystal diffractometer.Its precisely determined cell parameters are:a 0 = 21.338(3), 

Table I.simplified atomic coordinates,occupancies of cebaite 
IA tom x 'i I z Jt Atom " Bal o.o • 0.0 0.0 0.52 112 o.s 

Ba4 0.1931 0.497 G .0946 1.0 Bas o.s 
817 0.3140 0.473 0.4015 1.12 Bal 0.1875 

l\E2 0.3968 -0.020 0.2056 1.0 a BJ 0.4010 
FI 0.130 0.48 0.607 1.0 F2 0.074 
F4 ~37~ .. :: 1 ·~ 1,.01 0.382 1.0 01 0.075 
03 -0.009 c.so 0.101 1.0 04 0.382 

., 1--·-- • -
06 0.291 o.so -o.o 1 J 1.0 01 0.189 
09 C.102 o.so 0.369 1.0 010 0.487 

012 0.406 0.51 0.255 1.0 OlJ 0.220 
-· ---

015 0.10• 0.51 0.791 1.0 016 0.294 
-

018 0. 191 • 0.00 0.226 1.0 019 o.o 16 
-

021 0.101 o.oo 0.72? 1.0 022 0.116 

024 0.202 o.oo 0.998 1.0 025 0.422 
' 

021 I 0.510 0.01 0.879 1.0 028 0.306 ... = • 

030 0.397 o.oo 0.634 J .o Cl 0.047 ---
C3 0.461 0.51 C.296 1.0 cc 0.1 SI 

I 
. . !- _,. .. _. ···-r··-----··· ·~- ~ -· ·-- ___ ..... _ .. .. --· ..... ·-- -·--- ' t C6 I 0.151 I 0.01 
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bu= S.0666(8), Co= 13.276(9)1, fJ= 94.76(4) 0 
, V= 1430.%. 3, space group P2 . 191(') 

independent data <F> 5a(F)) were used to make multi-cycle leastsquaresretinement of 103 

variable parameters for the 3-0coordinates,site occupancy and isotropic thermal vibration 

of S6 asyn1metric atoms,.R = 0.07(see Table 1.). 

· As compared with huanghoite of the same family,cebaite is even more complicated in 

crystal structure.The heavy atoms Ba and Ce have five different coordination forms with 

the coordination numbers being 10, 11,an d 12. (see Figure t. a, b,c). The coordin 
8 

ti on 

polyhedrons of Ba and Ce arc linked as a chain in the order of 

Ba-Ce-Ba-Ba-Ce-Ba-Ce-Ba-Ba-Ce alon_g the[103]direction,and such chains are linked 

by [C03]
2
-to form a net layer parallel to plane(OlO).The net layers at y = o and 1 ; 2 are 

[COJ and all heavy atoms are approximately located at y = O and y = 1 / 2.The accurHte 

detern1ination of cebaite crystal structure is of great importance in deepening the study of 

crystalloc}1emistry of Ba-REE fluor--carbonate minerals. 

Shen Jinchuan Mi Jinxiao 

China Uni~ersity of Geosciences, Wuha11 430074, I1ubei, CIJJN.~ 

A new mineral of Ca-Ba-REE (Ce-Series) fluor-carbonate was recently discovered 

in China by the authors The crystal structure of this new mineral has been solved . It is 

isostructual with baiyuneboite-(Ce) . The physical properties , cell parameters and space 
• 

group can be explained properly based on the structure. 

EXPERIMENT:. Sample was collected from the REE-Fe-Nb ore deposits at Dayan 
-

Obo , Inner Mongolia , China . The oscillation photos about the c-axis gives c =23.02A 

Weissenbers photos (rotated around c axis, weak spots were igr1ored ) give a = b = 5.10 

A, v= 120 ° .Systematical absense of" l = 2n + 1 data in hh2hl type rct1ecttl) !"!$ i1. d i:..:utes that 

diffraction symbol should be 6 / mmm P- / c . Its possible space groups are P63 / mmc 
-,P63mc, P62c. In the zero-layer of Weissenberg photos (CuK.a, SOkv, 120ma~ 24hr) some 

weak spots can be observed with care . If they are taken into account, then a superstructure 

cell a' = b' = 2a = 10.20A , c' = c = 23.02A , will be obtained . 

The data collection was completed on a RASA-SRP Automatic Four-circle Single 

Crystal Diffractometer in our university. (graphite mor1ochromator ~ M o Krx: 0.70926 A , 
• 

50 kv, lSOma,26= 2-65 ° ).The cell parameters refined on this device sre as follows: a = b 

= S.093(6), c = 23.011(6), V = S11~3• 821 reflections were collecteP., of which 344 have F 

> 3a(F). 
• 

SOLl1TION AND REFINE.MENT OF THE STRUCTUR.E:The structure was 

solved by 30-Patterson P(uvw) and the difference electroh density map. During structure 
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-analysii &everal ipace groups were tried , and only P62c proved to be the best of all . 

Isotropic refinement led to R = 0.06 for all 344 independent reflection1, anisotropic 

refinement R. = O.OS . Atomic coordinates, site occupancie1 and i1otropic thermal vibration 

parameters are given in table 1. . 
• 

DESCRIPTION OF THE. STRUCTURE: The structure has a layer feature(_Lc axi1) 
• 

. All heavy atoms(Ba , Ce) and the C03group form a hexagonal base-centred net-like 

framework . At z = 1 I 4 and z = 3 I 4 the hexagonal layer consist' of Ca and F atoms, in 

which each kind ot~ atoms is alio arransed in a hexseonsl base-centred net-like framework 

. Those hexagonal layers of atoms are stacked along c axis in the sequence of 

Ba-C03-Ce-C03-Ca(F)-C03-Ce-C03-Ba-C01-Ce-C0
3
-Ca(F)-C0

3
-Ce-C0

3
-Ba. 

The plane of CO,group is normal to c axis, Ca occupy 1/2equivalent1ite1 and are di1ordered. 

Table 1. Atomic coordinates, site occupancies and isotropic thermal vibration parameters 
• 

Atom X/A Y/B ZIC K. u •• 
t 

• - lo.oooo 0.0000 0.0000 0 .1667 0.0098(5) Ba - ·-·--+ • - --
Ce 0.6667 0.3'333 0.1458 (1) I 0 .3333 0.0086(4) l 

I 

• ----·-- ..,L...- ---- -~- ---- --r - -
Ca 0.3333 

-+ 
0.6667 0.2500 0.16661 0.035(3) 

I 
'· • ------ ·- --··- ·- -

0.010(5) (.; (1} f 0.3333 0.6661 0.0661 (4) 0.3333 • 
' I - I -- - -

0(1) o.~99 (5) 0.540(6) 0.0661 (4) 1.0000 0.009(3) 
- -- -

0.010(5) C(2) 0.0000 0.0000 0.1183(4) 0 .3333 
• l ...... .. ..... ..._ _...._ . ----- . - - . .... ... ·-· ~ - -.... oc2·>· ·- ·--- ·i-- · · -·--- .. --· ·-- -- ..... --· . .. .... -..... - --. ---- --·---,-·- --- .. --- ... 

0.1783(4) 1.0000 0.016(2) 0.15(1) 0.290(3) ----·- ----t-- -~··· -I - --· ..... .._ - .. --- . -··· -----t---- -·· 
0 .1667 0.036(8) F(l) 0.6667 0 . .3333 0.2500 I 

I . 
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THE RESEARCH ON CRYSTAL STRUCTURE OF DAOMANITE 

Shi Nicheng and Ma Zhesheng, China University of Geosciences, Beijing, 100083, People,s 

Republic of China 

The accuracy of determining the crystal structure of daomanite was influenced by very 

small size of crystal but the basic data and information were obtained. This work is based 

on the report by Ding et al{KEXUE TONGBA0(1981), No 9. p. 554-551). 

The PW-1100 four circle X-ray diffractometer was applied. crystal size 
• 

0.28 * 0.19 * 0.04mm, MoK«, graphite monochromator, 3 ° <6< 25 ° , A tolal of 354 in-

dependent reflections were collected, of which 183 were applied to intensity calculation. The 

PL corrections were carried out.The crystal data belongs to orthorhomic system, a= 3.756 
' 

A, b=15.876A, c=S.852A, V=348.96A, space group Cmc2, Dx=7.598g/cm3
• 

Z = 4{ CuPtAsS}. 
. 

The structure was solved by Direct and Patterson method and the coordinate of Pt was ob-

tained, other atomic coordinates were got by Fourier synthesis. The least square method 

was applied to refming the atomic fraction coordinates and anisotropic temperture factors, 

R = 0.25, the atomic coordinates and ther1noparameters are shown in Table 1. The 

interatomic distances are shown in Table 2. The PLUTO map of the structure is shown 

inFig.l. 

Table 1 Atomic coordinates and thermoparameter of Daomanit 
. 

. 

Atoms GI x y z Ueq 
• 

Pt 0.5 0.0(0) 0.177(1) 0.312(7 ) 0.003(4 ) 
. 

0.5(0) As o.s 0.267(2) 0.217(8 ) 0.003(1 ) 

Cu • o.s 0.0(0) 0.449(2) 0.292(9 ) 0.021(10) 
. . 

• • 

0.5(0) 0.085(6) 0.429(18) 81 
• o.s 0.018(19) - . . • 

• 

S2 ' o.s 0.5(0) 0.383(6) 0.451(17) 0.004(2) 

Table 2 Interatomic distances (A) ofDaomanite , 
. 

• Pt (As,S) octahedron cu- s tetrahedron 

Pt As 2.43(3) * 2 and As-S bond length 
. 

Pt S1 2.47(6) * 2 Cu S1 2.35(6) 

Pt S2 2.31(2) Cu S2 . 2.30(7) * 2 

Pt As 2.53(2) Cu S1 2.19(6) 

As S2 2.30(5) 
. 

The Pt in Daomanite is coordinated to three As atoms and three S atoms and f or1n an 

octahedron; the Cu is coordinated to four S atoms an:d form a distorted tetrahedron. The 
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• 

octahedrons are linked with each other as shared edges by them self and f or1n octahedral 

chains along a axis.Octahedral chains are connected by sharing comers and for1n double 

octahedral chains. The double octahedral chains are linked with Cu-S tetrahedrons as 

shared corners. The structure deter111inetion indicated that Daomanite is a new type com-

plex chain type arsenic sulphide . 

• 

• 

• 

0 

0 

0 
0 

0 
0 

0 
0 0 

c 

0 B 

0 

0 
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00 
0 0 

0 

0 
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Fig.I The PLUTO map of crystal structure for Daomanite 

SEPARATION OF IMPURITY MINE IN SUZHOU KAOL 
YaSlX> Shibasaki, Ceramic Technology Department, 
Gov. Indust. Res. Inst., Nagoya, Kita, Nagoya 462, JAPAN 
Kisato Torie, Aki hi ro Nishjoka, Masarrlu Ka1ori 
Engineering Research Association for Artificial ,Clays, 
G.I.R.I.N., Kita, Nagoya 462, JAPAN 
and Yuan- Zheaig, Xian Yang Res. Inst. of Non-metallic 
Minerals, Xian Yang, Shaan Xi, CHINA · 

·1N'IRl)lX!l'ICE Suzhou kaolinite, strongly COClgulated with · ity 
minerals, was well-purified by elutriation using a special 
organic deflocculant assistant and water glass simultaneously. 
Because of the coagulation with iron impurity, this kaolinite has 
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been difficult to use as ceramic raw material, being used rrainly 
for non-firing purtJQses. such as paper filler. Since Suzhou 
kaolinite deposit is one of the largest deposits in China, and is 
located near sea shore, expansion of its usage is very important. 
'Iherefore, we aimed to use this kaolinite for ceramic white wares 
using deflocculant of water glass and an organic deflocculant 
which was produced by one of the authors (YZ). · 

In the present study, Vie have cornpa.red the sepa.rabili ties of 
the two treatments, one of which uses OOth water glass and 
the organic deflocculant (treatment 1) and the other uses 
only water glass (treatment 2). 
FXPFRIM&fl'Ar. Suzhou kaolinite (grade A-0) was provided by Suzhou 
Kaolin Konsu Co. It was ground and passed 70 mesh sieve 
( <<P212µm), and mixed with water, water glass, and the organic 
deflocculant No. 105. Settling down for 1 hot1r after stirring 
well, the suspensions were sepa.rated fran sediments using siphon 
tube. Above operation was repeated three times. Mineral 
canposi tions of the individual specimens were examined by XRD, 
DrA, IR, '!'EM, and their chemical canpositions were deter111ined by 
X-ray fluorescence analysis • 
.&.~ IJ ..... rrs AND DISCIJSSI<B XRD and OTA showed that the starting 
material consists of kaolinite, quartz and FeS2. Tubular 
halloysite and platy kaolinite were observed in the material by 
'!'EM. In addition, sepa.rated t\VO s ( 3620an-1 and 369oan-1) in 
IR spectra suggested the presence of halloysite. 

Quartz could be removed by the treatment 1, but not by the 
treatment 2. In case of the treatment 1, the specific surface 

. 

area of the suspension was higher than that of the tailings.But 
treatment 2 was less effective. 

'!he result of X-ray fluorescence analysis indicated that the 
ratio of Al/Si of suspension obtained by the treatment 1 agreed 
with the theoretical canposi tion of kaolini te, however, that 
obtained by the treatment 2 was exceed in Si. 

Although the contents of iron in the samples decreased, those 
of titanium did not by the treatment 2. '!he iron contents as 
Fes2 with heavy density should be precipitated during the 
treatment. On the other hand, the treatment 1 could decrease 
OOth of these impurities. 

'!he secondary t:articles may be aggregated by Al(OH) 3 adsorbed 
on clay pa.rticle surface. 'lhe functional groups of the organic 
deflocculant should make canplexes with the Al(OH)3 to destroy 
the secondary pa.rticles. 

'!he water film thicknesses on particle surface of scgnples ~re 
measured by DSC. '!he thickness ot the suspension, 13 A is larger 
than that of raw ma.terials, 12 A. Better plasticity clay had 
tendency to have larger thickness of water film. 

'!he plasticities of the samples were investigated by applying 
the Pfefferkorn method (Shibasaki et al., 1984). 
0/(characteristic value of plastic clay) of raw material was 
O. 71 % and that of suspension was 0. 78%. '!his result was agreed 
with that of DSC. It was indicated that Suzhou kaolinite 
sepa.rated by the present treatment was superior to raw materials 
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fonn view rx:>int of plasticity. 
aECl:IJSI~ It was revealed that the imp11rity minerals in Suzhou 
kaolinite was successfully sepctrated by this treatment using the 
water glass and the def locculant organic material tb. 1 05. The 
sepctrability estimated by XRD and elemental analysis suggested 
superiority of the treatment 1. Furthermore, the kaolinite 
obtained by the treatment 1 showed better Pfefferkorn plastiqity 
and thicker adsorbed water thickness on the kaolinite ~rlicle 
measured by DSC. 

RRF'FRFJ«:!FS 
• 

Shibasaki et al. (1984) ,J. Ceramic Soc. Jpn., 92, 77. 

COMPOSITION AND TRANSFORMATION OF X-RAY~AMORPHOUS 
FERRIFERROUS PHOSPHATE-OXIDES FROM PHOSPHORITES 
V.I.Silaev,G.S.Nazarova. institute of geology of Komi 
Science Centre of Ural Department of Academy of 
Sciences, Syktyvkar,167610,USSR • 

1·he new phosphorite deposit of the Polarny Ural 
has been investigated and it determined that their 
phosphate matter consists of four mineral species: 
carbonate-fluorapatite,aluminophosphates(besides that 
calcic, calcic-barium, zincic-copper ), ferriferrous 
phosphates < besides that manganiferous), phosphate­
oxide compounds of iron. Particularly the latter are 
of great importance in some industrial types of 
secondary phosphorites but until recen.tly they have 

. 

not been investigated adequately by geologists and 
mineralogists. Microprobe investigation showed the 

• 

following combinations of phosphate-oxide occurrences 
76-99% Fe203; 3-6% P205;0.5-2.5% Si02;0-3% Al203;0.3-
0.9% Ca0;0-1% Mn02;0.4-l.5% ZnO;There are also a few 
impurities as Na,Mg,Ni~·co,Sr,REE,S,As. In IR-spectra 
of studied samples CIR-investigations were made at 
(400-1800) cm-1 region on ''sp~cord-IR 75'' spectro­
meter) there are the bands which belong to carbo- . 
nate-apatite (1460,1430,985,1085,1045,585,475 cm-1 ). 
X-ray-amorphous phosphates(l085,1045 cm-lr,in addition 
wide bands in 400-500 cm-1 region are caused by amor­
phous ferriferrous oxides. Wide band 905.,800, 400-550 
cm-1 are caused by amorphous hydrous ferric oxides. 
If the samples of phosphate-oxide formations are 
annealed their IR~spectra change profoundly <see fig. 
'i ' .1. .l • 

Already at 220°C anneuling _the band(400-500) cm-1 
decreases very strongly. It can be caused by decrea­
sing the amount of amorphous ferric oxide. If the 
amorphous hydrous ferric oxides is present in the 
studied samples the IR-band belonging to the latter 
disappears.At the same time together with these 
changes in the IR-spectr~ the doublet of bands 
belonging to the new.formed phosphate phase appears 
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and increases. 
Thus,it can be assumed that amorphous phosphate­

r:>xide formations are original hyb1·id compc>unds such 
as studied earlier in natural gels of alumino-ferric­
phosphate sulphate composition /1/.At low temperature 
annealing of phosphate-oxide formations, their tra11s­
formations take place and the process is expressed by 
loss of water and appearance of new ferric phosphate. 
There is no dout that the phosphate-oxides studied 
are natural examples of compounds transitional bet­
ween amorphous gels and crystalline minerals. 

•• ,,, -· 
• •• 

f2DO 

•• • • • ,, •• • .r 
/ .-

/ ./ 
/ ./ 

" / / 
/ /. ' ' ,..._/ . -- I ... il 

' • 
·, --·~./ 

• 

1000 800 600 

Fig.I. Changes of IR-spectra depended on 
annealing temperature 

1- initial phosphate-oxide; 
2- sample was subjected to 40 minutes 

annealing at 220 C; 
3- sample was subjected to 40 minutes 

annealing at 500 C. 

Reference • 

/ 

400 

N.P.Yushkin, G.S.Nazarova. Mineralogy, genesis and 
phase evolution of colloids of iron-alumino­
phosphate-sulphate composition.13 International 
Mineralo·gical Association C Physics of Minerals 
and Ore Microscopy),Sofia,1982,pp 89-97. 

s .. -f 

• 

' 

• MIXED TET AND OCTAHEDRAL NETWORK Cl ,) f.l, :20 . 
TRANSFORMATION IN STRUC'!'URES OF SULPHOHALITE-NATI SITE, 
P TISITE-GIRVASITE-RHOHBOKLAS 
Sokolova E.v., Egorov-T1smenko Yu.K., Department of 
Geo1ogy,Hoscow State Un1vers1tY,Hoscow. 119899,USSR 

Two new minerals were 
X-ray method. The 

1nvest1gated 
:first one 
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Na5T13, 502<0H>2CS104J4 <a=9. 827;?>=9, 167;c=4, 799 A, 
sp. gr. Pmma, Z=1>, the second-g1rvas1te 
NaCa2M£3<0H>2<H20>4CP04l2CP02<0H>2J <C03) 
<a=6, 522; b= 12, 25; .c=21, 56 A • .8=89. 48°. sp. gr. P 21/c, 
Z= ·4). Both of them were comPared w1 th sul Phohal 1 te 

• 
• 

Na5CS04J2<F,C1>2• nat1s1te Na2<T10> CS104l, rhomboklas 
<H502>+<FeCS04l2·2H20>- and its sYnthet1c Y-analoiue 
in terms of crYstal chemistry. As a result the same 
two-d1mens1ona1 network CH2VIT2IVA121 (where M and T 

. 
1na1cate atoms 1n octahedral and tetrahedral 
coord1.nation resPect1velY, A=o2-,F-,c1-> has been 

• 
'· 

1dent1f1-ed 1n · all minerals. 
[Na2VIs2IYoa<F.CI)4]6-(f1£.1a) 

There 
1n 

. 

is a network 

suli:>hohalite 
strucure. The structures of nat1s1te and paranat1s1te 
are based on the same tYPe of network as in 
su1Phohal1te while octahedrallY coordinated cations 
become HV: <T12Ys12IV01002J4-. The w1thdrawl of a half 

- . 
of H-cat1ons from sul Phohal .. 1 te-1 ike network results in ... 

a hYPothet1c structural fra8ment 
cttVlaVIr2IY01002J (f1B· lb). An add1t1onal partial 
rotation of tetrahedra lea~s to the si!iht distortion 

• 
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of the network (HgVI aVIp2 IV01002J 8- (f1g. 1c) in 
• 

81rvasite. The most distorted net ls characteristic 
for rhomboklas: CFeVIaVIs2 IVo8 ctt20>2a21- (fiS· 1d) and 

in 1ts Y-analoBue. In comi:>act su1Phohal1te structure 
Na-S-nets constitute a framework with additional Na in 

1ts voids. The ~ense net Pack1nl in su1Phohal1te and 
t1tanos1licates Prevents any net distortion. The 

girvasite structure contains blocks of three laYers 

(001> with hY<1roBen bonds between blocks. The slilhtlY 
distorted mixed network 1s confined to the central 

Pa~ts of laYered blocks. The most intensive network 
d1~tort1on 1n rhomboklas 1s due to relatively weak H­
bonds through <H502>+-groups . 

• 

INIERSTRATIFIED BIOTITE-VERMICLLITES FRC»t BLLGARIA 
• 

Dechko. Stefanav, Geological . In1titute, Bulgarian Academy of 
Sciences, 1113 Sofia, Bulgaria 
The vermiculite deposits in Bulgaria are concentrated in 
the regions of the Srednogorie and the Rhodope Hta. They are 
weathering products of ultrabasic rocks and amphibolites 
transformed by potassic metasomat·i•• ·· into trioctahedral mi-­
cas. Both the end members biotite and phlogopite, and the 
intermediate members of the series are found. The later hyd­
ration of these minerals haa produced vermiculite layers in 
their structures, thus forming interstratified biotite-ver­
miculites withvarying content of vermiculite layers. This 

~ 

process haa finally resulted in monominera~c 1 .vermiculite de-
posi ta of economic value. 
X-ray diffractometry has been used to study the interstrati­
fied biotite-vermiculites in order to determine the propor­
tions of vermiculite layers, their stacking sequences, and 
the types and concentrations of exchange cations. 
The study uses the nomenclature of interstratif ied minerals 
as recommended by the AIPEA Nomenclature Committee (Bailey, 
1982). 
The vermiculite deposits of Bulgaria show o great variety 
of interstratif ied minerals of the biotite-vermiculite type. 
In analyzing the diffraction patterns of interstratified 
biotite-vermiculites, it should be taken into account that 
the varying proportions of vermiculite layers present (w ) 
and the varying amounts of constituent Ca-cations in thev 
vermiculite interlayers have a combined effect on the basal 
reflection interplonar distances. 
The randomly interstrctif ied biotite-vermiculites containing 
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about 5 % vermiculite interlayer• are characterized by broad 
and asymmetric basal reflections. With the increasing porti­
on of. vermiculite layers (to about 15 .f~, the reflections 
shift toward the hydrobiotite side. The most common interst­
rotif ied biotite-vermiculites are those with\.'over 30 % vermi­
culite layers. Diffractograms record representatives constitu~ 
ting 30-35 ~ of vermiculite layers with interstratif ied miner­
·ols.: Withl0-15 % vermicul-ite layers. however, no periodic 
stacking is \Shown thus disobeying the rule CV < 0.75 valid ft,r the 
regularly interstratified 2: 1 hydrobiotites, For this . 
reason they are referred to the randomly interstratified 
biotite-vermiculites. A group of samples has been identified 
as typical hydrobiotite of w N0.5, CV< 0.75, and diffrac-
tion patterns0 having series ~f basal reflections of 

Several samples have been found to contain an interstratif ied 
biotite-vermiculite of w N 0.6 which corresponds to an inter­
strati fied mineral with ~he 88 combination not described by 
D'yakonov (1981) or Brindley et al. (1983). Only Weiss 
(1980) has reported such interstratified biotite-vermiculi­
tes in a single-crystal X-ray study. 
Using the quantitative method of D'yakonov (1981), the con­
tents of Co-cations ( g ea..) in the interstratif ied biotite­
vermiculites have _ been calculated. Hg-hydrobiotites 
( &c(A, ~ 1 ~), (Mg,Ca)-hydrobioti tes (~Ca> 1 ~), _Mg-bioti te­
vermiculi tea (Bc~<l<l') and (Mg,Ca)-biotite-vermiculites 
(SCA,> 10'/o) ere identified. 
The interstratif ied biotite-vermiculitea of varying propor­
tions of vermiculite interlayer• (0.05 < w < 0.6) found in 
the Bulgarian vermiculite deposits austoinvthe interpreta­
tion of their genesis ea the result of hydration of the bio­
tite-phlogopites formed at the expense of the original 
ultrabasic rocks and amphibolites. 

References 
Bailey, G. W. 1982. Nomenclature fctr regular interstrotifi­

cations. Amer. Miner., 67, 3/4, 394-398 
B~indley, G. W., Zalba, P. E., Bethke, G. H. 1983. Hydrobio­

tite, a regular 1 : 1 interstratificotion of biotite and 
vermiculite layers. Amer. Hiner., 68,· 3/4, 420-425 

D'yakonov, Y. S. 1981. New data on the varieties and identi­
fication of hydrobiotites. Crystal chemistry of ainerala, 
Leningrad, Nauka Pub!. Nouse, 39-46 (in Russian) 

Wei~s, z. 1980. Single-crystal X-raY. study of mixed .structu­
res of vermiculite .and biotite {hydrobiotites). Clay 
Hiner., 15, 275-281 
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INCOMMENSURATE PHASES IN MINIDRALS AS 
MANIFESTATION OF QUASI-CRYSTAI,J,INITY 

N.G. Stenina, Institute of Geology 
and Geophysics, Siberian Branch of 
the USSR Acaderily of Sciences,Novo­
sibirsk, 630090 USSR 

Irrationality is the main characteristic of inco­
mmensurate phases (INC), as they result from modulati-

. 

on of a regular atqmic chain by a static displacement 
wave with irrational superperiod .Aa and amplitude ta 

• 

Ther·etore each atom· .will be displaced from the regular 

position by an irrational magnitude£a.Sin(211Ana.) whe­
re n is the .number of the atom ·considered. The. modu­
lated atomic chain thus created is strictly aperiodic, as 
it cannot be superposed over · itseit by any finite transla­
tion. INC from this viewpoint represents a special one-di­
mentional case of quasi-c11~·stals, which was discovered in 

. 

19S4 C1\ 
• 

Among the known methods , transmission electr­

on microscopy (TEM) gives a most detailed information 
• 

for the INC identification. It allows us to st~dy .the dis-

tribution of satellite reflexions in electron diffrac-. 

tion patterns, the fringe contrast, specific for INC, 
and also to observe directly the atomic displacements 

. 

waves in high resolution images. 
Using these possibilities of TEMJ INC was esta-

. blished in some minerals: qua.rtz from pegmati tes, pla-

gioclase (labradorite-bitownite) from intrusive rocks 
end clynopyroxene (omphacite) from eclogites. The stu­
dies showed the following. 1. Crystallographic direc­
tions of incommensurate modulAtions as well as the ve­
ctors of atomic microdisplecements are determined by 

rational states of corresponding structures. 2. lNC in 
minerals represent metastable states in the ranges of 

• 
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- -structural transitions: CX in quartz, I1 _.. C1 in 
plagioclase; or phase transition: Omph --.Pl+Qu. 3.The 
property of a mineral to transit from one phase into 
another by INC mechanism; the range of P,T-parameters 

• 

and the INC stability in minerals depend on the mine-
ral composition, mainly on Al content. 4. There is a 
4ependence of the incommensurate modulations period 

. 

on such parameters as temperature and kinetics of me-

tamorphism and the decompression gradient. 
The mentioned specific features of INC in minerals 

. demonstra~e the importance of their investigation for 
the solution of fundamental problems of genetic mine­

ralogy, petrology and geochemistry. 

1. Shechtman D., Blech I., Gratias D., Cahn J.W. Meta­
llic ~ase with Long-Range Orientational Order and 
No Transitional .Symmetry. Phys. Rev. Lettr., 1984, 
Vol.53, P.1951. .. 

QUARTZ - A MODEL PHASE FOR INVESTIGATION 

OF HYDROTHERMAL ORE-FORMING SYSTEMS 

N.G. Stenina. Institute of Geology and Geo-
• 

physics. Siberian Division of the USSR Aca-

demy of Sciences. 630090 Novosibirsk,USSR 

Quartz is one of the final products 0£ the deve­

lopment of hydrothermal ore-forming systems. Therefore, 
the specific features of its real structure provide us 
with ·information about ore-formation, especially about 
its aspects 1such as the form of transportation of ore 
elements, the mechanisms of their migration and concen­

tration in vein. quartz. 
By means of high voltage tr8nsmiasion · e1ectron mi-
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croscopy combined with an IR-spectroscopy and X-ray mi­
croanalysis, the hydrothermal quartz of the following 
types was studied: i) from the veins with various ore 
mineralization: cop~per-moljbdenum, gold -silver; ii) 

from ore veins which underwent postcrystallization 
transformations (deformation and annealing); iii) from 
the non-ore veins. 

The main difference between microstructural featu-
res or 1ore-bear 3 and non-ore bearing veins is 

established. It consists in that the ore-bearing quartz 
has water in a structurally combined form. The H2o mo­
lecules occupy the positions in a quartz framework bet­
ween the defective silicon and metal oxide tetrahedra. 
Non-ore quartz has water in a free form; it enters in 
the volume of gas-liquid inclusions. ·' 

The study of quartz from ore-bearing veins which 
underwent postcrystallization art~ a high temperature 
4eformation with a subsequent annealing shows that it 
stimulates solid state transformations of a ''proto-ore'' 
quartz saturated with jmpurities and structural water • 

. 

As a result, the metallic atoms · diffuse from the stru-
ctural positions which they occupy according to the he-

. · · M 3 +-M + S . 4.f- th d f teroisomorphism in quartz: e e ~ 1 to e e ec-
ti ve zones like dislocation substructures, micr~inclu­
sions etc. The molecular water entering the quartz 
structure is the cataly·st of these reactions. · 

1. Stenina N.G., Sotnikov V.I. et al. Microstructural 
features of hydrothermal vein quartz as indicator 
of its ore-bearing 
p.641-653. 

capa9.ity. Geokhimia, 1988, N 5, 
• 

.. 
• 

• 
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\.i. 0. SUBSTITOTION VECTOR APPROACH TO C.:HE~{fCAL COMPOSITIONS OF 

\ 

REAL ~fICJ\ SERIES 

Sun Shihua 1and ·Yu Jie, 1n5tittite of Geology, Acaden1ia Sinicu, Beijing, 100011, People's 
I • 

Republic of China 

• • 

• 

• 

I 

A 5ub,tilution v~ctor or 011 ·t:xcl1&111"c vector is tl11.: vt:ctor rcprt:sentation of ar1 

ison1orphic sub1titutio11. The p1:1rpost: ot· tl1is r>a1>cr is to sl1ow l1ow to explain the variations 
• . 

of the natur.-lly occurri11g n1ica co1111>o~itio11~ i11 ternJ~ 01· substitution vectors . 
• 

The sub1titution vector is tt t"1· e~ vectr,r. Its expressivn cttr1 be obtained by rewriting cor-
. 

respondinR isomorphic substitutior1 equuti()fi directly, or by caJculating direction vector of 

the line linkine relevant two ideal mi11crolb. For cxa111plc, n1u•covite ·substitution vector 

··AM (Fe•2, AlVl, .O'Vl)= (-3, 2, l) from 3 .. 'e .. 2 -• 2Alvr+D Vl' which is just the direction vector 

of the link fro1n annitc to mus~ovite; Fe-Ts=J1~r111ak substitution Fe+2+Si---- Al'ft +AlIV(AE 

(Fe•~, Al\41:, Si, AIIV) = (-1, 1, -1, 1 \) is parallel to tt1e li11k ot· ennite end Fe-analog of 

estonite.The generalized substitutio11 vecto1· Y = (!l 1, a 2, •••a
0

, v), where a 1(i= 1, 2, ···n) or v 

is called sub~titution component ot· ion i or vacancy, respecrively. Component sum CS=~ 

~· Electrovalen t sum ES= L ei • a 1 , here) c, re1>resents electrovalence of· ion i. CS and E.S 
. 

arc the mca1urcment5 01· v11riatio11s ot· vucar.cy und elcctrovalencc in mineral , respectively, 
. 

due to tl1e substitution. 
• 

Thc:re arc two importa11t grouptf of sub~titution~ ir1 tl1c 2:1 lay\:r n1ic11: substitutions 
• 

of octahedral ES(VI )= 0 anti ES(Vf )·/ - 0. For instance, AM and MT (parallel to 

muscO\iltc-trilithiorJ.ite) belong to lli~ t',>rr11er·; ar1d A£, AP (111.L11ile-polylithior1ite) and MP 
• 

tnuscovite-polylitl.Lio11itc) to tt1e lutt;!r.Cuu1)J~tl two or tJ1J·ce independent vectors c<>11·1. 

pri,ing ES(VI )= 0 arid E.S(Vf )-:/:. 0 ~ub~titutiuri~ 1l111k~ a.:..p 11 buiis of ~in1plified-compo~ition 
• 

space t·or a niica series, such as ~f g-Fe, t,e-Li, f'e-AJ or Al-Li n1icas. 

Thr.: dominant terldency oi' con1positio11s of a n1ica s~1·ies, or their basic substitution, 

ain be described by a lit1ear con1bir1ation on tt1e t>asis vectors and detern1ined graphically, 

or by tt1e principal co1J.1po11ents ar111lysis.ll is t·ound tl1ttl 99~'1 of the total varikltion of tlie 

limplifit :d two octahedral con1positic>ns 01· r·~-AJ n1ic~s is localized to the first eigenvector. 

ES(VI) and CS(Vf) calculated i·1·0111 the lirsl cigen vt:Jtor- yive t11i unequivocal explanalior1 
• 

that the firs.:' eigenvector represents an ocLul1t:aral (because ES~ tJ) vacancy-producing (be-

cause CS#O)substitution, i. e. lilUS~<)Yitl! ~ul,slilutior1 (AM). In t·act, the a11glt: between AM 

and the tirst.eigenvector is only 0.8 , . Sir11ilar t.:alculutio11 ltlr 13 cation cornpositions ot· 141 

Ms-Fe micas prO\ICS tt1at the iirst t-i8el~ vi:ctor accour1table for about 80°/t of the total in-
• 

formati<)n i11 n1ica data rt!pr~scri ls sLl>stitL.tilJl. kP.A\+.~~1 . AM u11d 8PA+AM are the basic 

substitutions of f,c-Al r11icas und 1'..f g-Fc: 111il:as, rcsJJc~tivcly. Therefore, tt1e plane corn. 

priiing PA and AM (c. g. Fo~ter's (196il) ~iR-(Fe•21-M r1)-(R •1+Ti)Vl triangle) contains 

more int'orn1ation about variation!t 01· .\'i g- Fc 111ica cu111positions tht111 other planes. Tl1e 

11e11eral forn1ula of kl n1ica seri~s could be t! .,J>r~ssed by o 'starting' mineral plus e linear 
• . 
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combination ot· ba;is vector;, or plu' only bu,ic 'ub-.titution. T11e general Fe-Li mica for. 

mula K 2R;2Li._.R~1[Al~Si1_A020}(0H) 4 (Stone et al., 1988), however, departs far from basic 
• 

w.b1titution AP of its real n1 icai. 
• 

In the tw.o-compo~ilior1 plc)ts, tl1e f)Oi11ts of a n1il:R series are tra~1ped by severnl 

polygons franied with several lir1t:s parallel to or 11pproxir11Lttely parallel lo some substitu .. 

tion vectors. The stagger pattern of the p(1lygc>tt ~ i1n1>lies compositional discoritinuity due to 

the limit of substitution. A ki11d c•f disL:<lrttir1uity occurs between dioctehcdral and 

trioctnhedral micas i11 Fe-Al or Al-Li micas. 1-·or instance, Fe-Al micas 

K2Fe6 [Si 6Al~020J(Oil)4+r11 AM +eA E are n1adc up of al least two polygo11s~ whicll hardly 
• 

overlap eacl1 other: for tlit: 111ost 111icu)~ if r11 < 3 I 2, O< e < l, otl1erwise -1<e<0. In Al-Li 

micas K~l4[Si6A120 20 )(01I, F)4+LMT f-pM P, when p is fairly san1ll, the compositions will 

be limited by t< 1 I 3 ~·r(Alvr, Li, Cvr>= (,-1, 3, 2)). Ar1oll1er ki11c.l ofdiscor1tiriuity occu1·s 

within trioctahedral micas. Tl1c overlapping pattern ot· the polygons in Mg-Fe o~ Fe-Li 

micaa 1usgests that the continuous cor:1po~itio1.al variation in trioctnhedrul n1icas along the 

direction of t11eir basic substitution is acco111par1ied by cl1anging .the extent of substitution 
• 

of Al (or R~1 ) into · octahedral sheL!l .. Tllt! cl1u11ge of tl1is extent, . locally, is sharp or 

discontinuous. 

In brief, the 1ubstitution vector i~ a ilrorig tool for t:xplaining n1ica compoiition~, es­

pecially for determining compositional do111ir1unt tendency and discontinuity. It has been 

concluded that ti1ere wrc two kinds ot· t.:on1po~ilion11l di~i.=011ti11uitic~, w)1icJ1 relate to the 

limits of substitutions ol Al into octa- unci tctra-hedrul sheets, and are the basis for 

wbdivisio11 of mica series. 

• 

• 

ATOMIC CHARGES BY MOLECULAR ORBITAL 
ELECTROSTATIC ENERGIES OF p-Hg2Si04 

STUDY 

TAMADA, 0. , Dept. of Earth Science Col.lege of Liberal 
Arts and Sciences, Kyoto Univ., Kyoto 606, Japan. 

It is well-known that ~-Mg 2 Sio 4 has an 
extraordinary crystal structure which does not obey 
Pauling' s valence balance rule. The molecular orbital 
study (CND0/2) has been performed on this mineral to 
determine the atomic charges. Electrostatic energies of 
the crystal and the atoms - have als,o been calculated in 
order to compare them with the atomic charges. 

The atomic charges were determined by the following 
procedure. A fairly large cluster of atoms was 
constructed around e ach of eight atoms in an asymmetric 
unit (Mgl, Mg2, Mg3, Si, 01, ; 02, 03 and 04). The cluster 
was cut out oft.he areal structure determined by X-ray 
analysis (Horiuchi and Sawamoto, 1981 ) , setting each of 
the above atoms near the center of the cluster. Assuming 
that all the atoms had their formal char~es, the charge 
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r1eutrality l\1 as made to hold in the cluster b)'~ 

introducing H atoms. H atoms were attached to the outer 
O)~Y~~ns of the cluster at the star1dard distance of 
0.96.L\. Slater-type orbitals (STO) were used as the 
orl,ital basis set of atoms. The charges were determined 
by the standard procedure of charge density analysis for 
C~~D0/2 as lis1;.ed in Table 1. Unfortunatel. y the 
calctilation in self-consistent iterations does not 
always cor1verge for such a large cluster as used in this 
stlt<iy. Tn fact, the c·a.lculation of Si charge diverged in 
llle clt1ster. Tl1e at.on1ic c.·harges mar·ked by the asterisks 
i 11 Ta b l e 1 we re t a k e n a s t h e \T a l u e w h e n t he y s ho w e d 
a p p r o x i m a t e c o r1 ". e r g e n c e b e f o r e t h e c a l c u l a t i o n s 
(j i \re r~ed. 

El ec~ t ro static e ne r·~ i e s t-lre c aJ. c Lt la t ed by the method 
()f. Be1--tattt ( 1952) usir1g the for·mal c~har--ges as 2e, 4e and 

. - 2 e f o r· M E?: , S j a 11 d 0 , r ~~ s µ e c t i \' e l ;.,- , a s l i s t e d i n Tab l e 
• 

2 • E .l ~l c; t .. 1~ o s l a t i c e n e r ~ i e s o f 1~ r1 r· e e M g a t o m s a r e 
neEtrl;,~ t .he same a.r·1d tr1eir charge \rall1es are also nearl~­

Li1e same. 
E l e c t r· o s t at i c e n e r g y o f" 0 1 an d 0 2 a r e h i g he r and 

lo\,1er·, i~especti\ely, bJ· abot1t 200 kc·al/mol. than those 
o 1~ 0 :3 <.:a. n d 0 -+ , w l1 i c h i n d i c a t e t ha t t he Pa u l i n g: ' s r t1 l e 
t:ioes n <)t hold. Tl1e atom.ic· char·ge of 01 e~~hibits a -
smaller value ot· -0.G6e and that of 02 a lar~er one of -
0 . 6 6 e co n1 pared to t }·1 e c l1 a r g e s o f - 0 . 5 9 and - 0 . 6 1 e on 0 3 
a rt ':i 0 -l , r e s lJ e c t i \t e l y • 

Tl1e follc)wing: co11c]L1si<)I1S are deri\;ed from the abo,,-e 
resLtl ts. 
( 1 ) 'f }1 e v a l t1 e s o t· t t1 e a t o m i c c.: ha r· ~ e s o f 0 are d i f f e re n t 
between the atomic sites, '~hile those of Mg are nearly 
t ... l1e same. '"~s a rLtle, the atom wi tr1 a lower electrostatic 
er1er·g~1 has a lar·~e1· atomic charge. 
(2) The differ'ences between the char~es of four 0 atoms -
ar·e riot. la.r·~e as ext--.ected f .. rom the large differences in 
electrostati.c ener~ies. 

• 

T <.-1 l) J. e 1 A t. o in i c= c ha 1-- g e s ( e ) o f 
J·-M~ 2 sio4 and the cluster used. ___________ ._._.,_ ___________ _... _ _..._..., _____ ___ 

M~l 
Mg2 
M~3 
Si 
01 
02 
03 
o..i 

0.68 
0.68* 
0.69* 

-0.56* 
-0.66 
-0.59 
-0.61 

(~1g7Si2030H3g) 
( ~1g 7si 2o28H 3 . .i) 

( M~·asi 3034H40) 

( 1'-ig501 gH26) 
lMgSi0 1 H1 ) 
( ~ig 7S i 2 3 0 3 ) 
(Mg3Si015Hz2 

• 

------~---------- .... -.-.._....-.---------~------------

Table 2 Electrostatic 
energies (kcal/mol.} 
of ft-Mg2Si04· 

- -. - ..... - - - ._. - - .... - ~ -- ..,_. .... .... - - - _. 

C r)'-s tal 
Mgl 
Me:2 
~fg3 

Si 
01 
02 
03 
04 

' 

-5804(3) 
-1172(6) 
-1164(3} 
-1192(3} 
-4321(7) 
-996(4) 

-1427(5) 
-1230(6) -

-1243(2) 
~-- ........ ----------~------

Bertaut. P. F. (1952) Joun. Phys. Radium, 13, 499-505. 
· Horiuchi, H. and Sawamoto, H. { 1981 ) Amer. Miner. , 66, 

5f18-575. 
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X-RAY STRUCTURE ANALYSIS OF ''EASTONITE'' AND PREISWERKITE, THE 
CRYSTAL-CHEMISTRY OF THE Mg+Si • Alvi+Aliv EXCHANGE IN (K,Na)­
TRIOCTAHEDRAL MICAS, AND A NEW SITE (X) FOR TETRAHEDRALLY­
COORDINATED LOW-VALENT CATIONS (Li, Na, Mg, Fe2+) • 

• 

L. UNGARETTI*, D. C. SMITH**, A. TLILI** & R. OBERTI*. 
* CNR, C.S. Cristallografia Strutturale, 27100 Pavia, Italy. 
** Museum National d'Histoire Naturelle, 75005 Paris, France. 

The structures of natural specimens of (K,Na)-''eastonite'' (EA) 
and of preiswerkite (PW) have been determined by single-crystal 
X-ray refinement in the space group C2/m, the final Robs factors 
for • 550 reflections being 2.1 % and 3.8 % respectively. 

Sample Ql02/2 from the Liset eclogite pod, Norway (Smith, 
1988) has a composition rather close to that of ideal EA 
(K2Mg5Al1Si5Al302o(OH)4) in terms of Alvi and _Aliv (Si• 5.1 
per 20 0) but some K, Mg, Alvi and (OH) are replaced by Na, Fe, 
Ti and F respectively. The X-ray diffraction data indicate the 
presence of only one phase (confirmed by TEM examination of 
adjacent crystals; K. Livi, pers. comm.), in contrast to the 
mixed-layer phlogopite + serpentine nature of the ''type'' EA 
discredited by Livi & Veblen (1987). The ''type'' PW (·sample KP/4; 
Keusen & Peters, 1980) has a composition (Si = 4.1) rather close 

• 

to that of ideal PW (Na2Mg4Al2Si4Al402o(OH)4) with some 
replacement of Mg by Fe. 

The average structure of space group C2/m typical of phlogopite 
(PH a K2Mg6Si6Al202o(OH)4) therefore extends along the (K,Na)­
trioctahedral mica series to EA and also to PW. This situation 
of long range disorder (LRD) does not exclude the possibility of 
some short range order (SRO) (cf. alternating Si and Al in the T 
sites of margari te) and hence lower syrrm1et ry locally. Raman 

• 

spectra from PW display sharp peaks compared to those of EA, and 
an intense Si-0-Al vibration but a weak Si-0-Si vibration; both 
points are suggestive of SRO in PW (Tlili et al., 1988, 1989). 
Comparison with published and unpublished crystal structure 

• 

refinements of several micas, in particular of E1ome ''phlogopites'' 
and ''biotites'', permits ~n evaluation of ~tructural changes along 
the PH-EA-PW join, which represents the ''tschermakitic exchange'' 
Mg+Si • Alvi+Aliv accompanied by the replacement of K by Na and 
by some variation in minor elements, especially Fe and F. 

The T-0 mean bond length (mbl) increases from PH to PW, all 
individual T-0 bonds increasing ·due to the increasing content of 
the larger Al3+ cation (as in K-dioctahedral micas). The T-0(3) 
(apical) distance strongly increases, since Aliv moves towards 
the basal oxygens 0(1) and 0(2) to provide them with more charge, 
such that T-0(3), which is shorter than T-0(1) and T-0(2) in PH, 
overtakes in EA and becomes very long in PW (1.708 A) compared to 
the 1.689 A mbl for T-O(basal). ' 

The M-0 mbl's are strongly related to the octahedral cations' 
charge and size. The M2-0 mbl decreases from PH to PW (as in 
K-dioctahedral micas) suggesting an almost complete ordering of 
viR3+ cations at this site (2.059 A in EA and 2.009 A in PW) 
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• 

whereas the Ml-0 mbl remains similar (2.077 A in EA and 2.060 A 
• 

in PW, ·but more iron in EA). As expected, the different values 
~b~erved for the Ml-0 and M2-0 mbl'• become almost equal in PB 
where both sites have no viR3+. 

.. The W-0 mbl (where W denotes the interlayer cation) slightly 
increases from PH to EA. The W-0 (outer) and W-0 (inner) .mbl's 

• 

· respectively increase and decrease along the PH-EA-PW join (as . in 

5b~ 4. l. 
·s'1 $ t,, \~ 

K-dioctahedral micas) due to the increasing rotation of the 
tetrahedra mainly caused by the tschermakitic exchange (di­
trigonal array, increasing a, a•l2° in EA and 20° in PW). The W-0 
(inner) mbl drastically shortens from 2.890 in K-rich EA to 2.575 
A in almost Na-pure PW (as between phengite and paragonite). 

In the refinements of EA, PW and a few ''biotites'', a new 
partially-occupied site (here denoted by X) has been discovered. 
X lies between the normal K and H sites (necessitati·ng the 
absence of both Kand H), almost at the centre of the ditrigonal 
array of (Si,Al) tetrahedra. It makes a rather short bond with 
the hydroxyl 0(4) and 3 longer bond distances with the basal 
oxygens 0( 1) ,O( 1) ,0(2) ; . the bond angles range between • 102° and 
115°, with a mean value of • 109.2°; these feature are suitable 
for tetrahedrally coordinated low-valent cations such as Li, Na, 
Mg and Pe2+. In EA the X-0 mbl (2.24 A) is appropriate for 
Naiv, whereas in PW the mbl (2.04) is more appropriate for 
(Li,Mg,Fe2~) in fourfold coordination (as in the Fe-site of 
staurolite). The X site might explain the apparent alkali­
deficiency observed in many natural micas. 

... 

REP'S: · Keusen & Peters (1980) A1r1er. Mineral~ 65, p. 1134; Livi & 
Veblen (1987) Amer. Mineral. 72, p. 113; Smith (1988) chap. 1 in 
''Eclogites and Eclogi_te.:..Facies· Rocks'', Elsevier, 524 pp; Tlili et 
al. (1988) Terra Cognita 8, p.78; (1989) Mineral. Hag. 53, p.165 • 

• 

• 

GMELINITE: . STRUCTlJRAL REFINEft1ENT OF A K-RICH NATURAL 
• 

SAMPLE 

G. _V~zz~lir1i, S. Quart.ieri arid E •. Passa.~lia 

Urii vers ·1 ta 
• 

Petrqlogia-
di Moder1a, Isti.tuto 
via S.Eufemia,19-41100 

. di Mir1eralogia 
Moder1a (Italy) 

·The · etruct1Jre of zeolite gmelir1ite . (Na,Ca ) 

e 

• 
a f ramewor cor1sistir1g of a sequer1ce AABB of parallel 
6-mernbered rir1gs. · The crystal che~i st ry study of 

• 

gmelir1ites (Ilassaglia et al., 1978) showed . that 
• • 

exchar1geable catior1s are usually · Na ar1d Ca, Na> Ca arid 
Mg arid K are preser1t ir1 smaller amour1ts .' The 

-356-
• 

• 



• 

• 

• 

monovalent cat ior1 cor1ter1t ( Na·+K) is correlated 
posit·ively with c .arid negatively with a cell 
parameters • . Structt1re refir1emer1ts of ar1 Na- arid a Ca-
rich gmel ir1i te (Galli et al., 1982) cor1f irmed 
Fischer•s results, showir1g or1ly small differer1ces ir1 
the f ramewe>:rk ar1gle s arid ir1 the ext raf ramework site 

. 

occupar1cies. Tl1e crystal structure of · a sample 
ar1omalous for K cor1ter1t arid cell parameters is 
reported by flfalir1ovskii ( 1984), who correlated the 
high c and low a values with the K cor1ter1t. The author 

• 

emphasiz.ed the preser1ce of disordered ir1tergrowth of 
chabazi te, as already suggested by Fischer ( 1966) or1 
the basis of weak diffuse streaks ir1 the rotatior1 

• • 

phot·ographs alor1g c. 
The preser1t work reports the X-ray sir1gle crystal 
structure ref ir1emer1t (f ir1al Rw=6.6%) .· of a K-rich 
gmelir1ite from Fara Vicer1tir1a (VC), Italy; (K Na 

very hi:g £ ar~d very ow ~ cell paramete.rs 
: (~=13.621(3), £=10.254(i)). Ur1lil<e sample studied by 
Mal ir1ovski i ( 1984), this sample does r1ot show 
disordered ~ir1tergro•11ths of chabaz i te arid gmel ir1i te 

I 

frameworks. The structural data show the preser1ce of 
• • 

three extraframework catior1 sites, or1e of them (Cl) i .. s 
~ 

localized ir1 the offrettite cage, the secor1d (C2) ir1 
the large char1r1el rle.ar the 8-rir1g wir1dow, both 

. 

correspor1d to those already f ourid by Galli et · al . .. 
( 1982) . and Malir1ovskii ( 1984), but with lower 
occupar1cy ( ·about 5%) for C2; the other. catior1 site 
(C3) is localized ir1side the double 6-rir1g with a very 
low occupar1cy. The ir1te rac t iori betweer1 framework 
oxyger1s arid catior1s irl C2 sites causes the deformatior1 

• 

of - offrettite cage wi.th ,. a c shorteni.r1g arid a 
ler1gthenir1g• Therefore, the cell parameter .values of 
gmeli11i te samples, up to r1ow st~ucturally descrih~d, 

may be correlated w .i th the C2 site occupar1cy; ir1 
particular the large c ar1d the small a values of 
sample here · studied are most likely due ·to the very 
low occupar1cy of th i.s site. 
A str·uqture ref ir1emer1t · has~d or1 the combir1ed data 
from s;i.r1gle crystal arid syr1chrotror1 X-~ay powder 
patterr1 is tr1 progress or1 thi.~ .Rmelirii te sample. 

• • 

-Fischer,K. {1966): Ur1terst1chur1g . der Krystallstruktur 
vor1 Gmelir1it. N.Jb.Mir1er.Mh., 1966, 1-13. 

• 
• 
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-Galli~E., Passaglia,E. arid Zariazzi,P.F.(1982): Gmelirii 
te: structural refir1emer1ts of sodium-rich arid calcium-

.rich r1atural crystals. N.Jb.Mir1er.Mh.,1982, 145-155. 
-Malir1ovskii,Yu.A.(1984): The crystal structure of K­
gmelir1ite. Sov.Phy·s.Crystallogr.,293 (3), 256-?58. · 
-Passa~lia,E., : Porlgiluppi,D. ar1d Vezzalirii,G.(1978): 

• 

The crystal chemistry of gmelir1ites. N.Jb.Mir1er.Mh., 

1978, 310-324. 

• 

• 

• 
' 

x-- Ray PO\JDER 01rrRACTION CHARACTERIZATION or PY'lOPE 
• 

I • 

\JANG Guanxin and 
' . GONG Guohong, Institute of Geochemistry, 

. • 

Academia Sinica, Guiyang, Guizhou 550002, People's Repub-

lie of China 

, Pyrope, Mg 3Al2 (sio4) 3, is an end member of garnet . 

group. The component· ·of. natural pyropa is rather compl"x 
• • 

with wide isom~rphous substitution• In it, magnesium may 
. . 

be partially replaced by iron, calcium or manganese, and 

aluminum by chromium or iron. So, it is difficult to 
• 

. -
differentiate pyrope from another garnets on the basis 

of the unit ca·11 parameter, because its parameter, a = 
• • • 

11.53 - 11.65 A, overlaps the dimensions of almandine or 
I 

• • 

spassartine. But, according to the method of structure . 
• 

analysis, the characterization of pyrope can be found 
• 

from powder diffraction data. 
• 

· . structurally, the garnet belongs to cubic system, 
. 10 

space group: 0 h - laJd• Z•B. In a unit cell, there are 
160 atoms: 24 A(Mg, re2+, Ca, Mn); 16 8(AL, Cr, re 3•); 

24·· Si and 96 O. · Their \Jyckoff notation and co-ordinates 

of equivalent positions were recorded as follows: 

A in (c) 0.125, O, 0.25; 
• 

B in (a) . O, O, O; 
• 

Si in (d) o •. 375, o, a.2s; 

0 in ( ·~) y, z. • 

. 

~hera x, y and z can be obtained in the light of the 
' I 

' . 

empiricai formula: 
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x = 0.006 + o.022<rtx}) + o.014<r(yJ> 
. 

y = 0 • O 51 - 0 • 0 2.3 ( r 1 x J) + 0 • 0 3 7 < r ( y ) > 
' . 

z = 0.643 - 0.009 ·~r{><J> + 0.034<r(y]> 

Where <r tx} > end (r [Y]) are the average of ion 

· radius of A and B, respectively. for example, the ordi­

nates of a natural 
. 3+ 

Cr0 • 07 re0 • 04 re0 • 04 ) 2 (s1 0 • 99 A1 0 •01 )o4 3 , can be given: 

x =0.0340 y = 0.0499 z = 0.6532 

.Then, the structure factors r hkl of t te natural 

pyrope can be ca.lculated based on the structure analysis, 

two of them as follows: 

r 332 = -2s.s3 r0 
. r422 =a ~A+ 16 f 8 +a r51 - 21.16 r0 

• 

Where r 1 is the scattering factor of the atom. 

Obviously, the ·r 3 32 has only , an item conc.ern i ng with 

oxygen atom, but the r 422· with all at·oms in pyrope, a ·nd 
• 

it depends on f A ~nd r 8 • Therefore, t~e relative inten-
• 

sity 1332 / 1422 , calculated in direct proportion to 

• 

. cation indicator of pyrop~, because the value of r 422 of 
I • 

· pyrope is the smallest in the garnet group, and it is 
. 

easy ·to distinquish the pyrope from another garnets • 
• 
' 

. ratios . of ·'_ 1332 ( -. 1422 calculated are list8d belo1J: 
miner.als · I ·; I 

· synthetic 'pyropa_ · 
I 

natural pyropa 
I 

· almandine 
• 

spessartine 

grossular 

andradite 
• 

• 

. 

• 

1'·4 7 

0.91 

·0.61 

o.s6 
' 

0.67 
• 

0.22 

• 

MICROSTRUC'fURE S'fUDY OF COMPLEX IDGH-ORDER 
'l'WINOFGR IDIERfl'E 
Wu Xlulina Y an1 Guanan1in1 

Dina University of 

Pan Zhaolu Shen Jincbuaa 
WuhuA30074 
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• 

The grandidierite is a rare mineral discovered in Jixi county, Heilongjiang, 

China ~ (1987). Its ideal chemical for1nula is (Mg,Fe) A12SiB09• X-ray diffraction· 

analysis and transmission electron microscopy (TEM) have been used to study the 

1nicrostructure of grandidierite. The studies show that this mineral belong to 
. 0 0 

orthorhombic with the· unit cell parameters a= 10.318(2)A, b== 10.981(1)A, 
• c== 5.753(1)A, and the space group Pbnm. 

• 

The microstructure analysis of complex (high-order) twins is very complicated. 

For1nerly, the study to simple high-order twins · in metal materials and 

minerals is more. However, the study to the complex (high-order) twins in the low 
• 

symmetry minerals is less. When we observed the microstructure of grandidierite 

studied by TEM in our laboratory, it was the first time that the complex 
• 

• 

a 

• 

33nm 
• 

• 

• 

• 

• 

• 

Fig.la. Electron micrograph of the complex (high-order)twins in grandidierite. 

Fig.1 b. Composite electron diffraction pattern of the crystal zone axies 

[414],[4i4]y,[414J.r8,[414]nand [4i4J.rpof grandidierite and its indexing, proj:ction 

position of 1 and -1 grade laue spots. · 
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(high-order) twins in the mineral were discovered. The selected area electron 

diffraction (SAED) and the electron micrograph of the high-order twin were 
obtained by TEM. Fig.lb showed the SAED pattern corresponding to "o• area in 

fig. la. 

The combination of SAED and bright field image of TEM has been used in 

deter1nining the complex (high-order) twins in grandidierite ((202)growth twin , 
-(280)(202) secondary order twin, (041)(280)(202) third order twin and (443) fourth 

order twin). The structure relationship between the complex (high-order) twins in 

the mineral has been explained and the analysis method of the micros~ructure for the 

minerals with low symmetry and complex (high-order) twins has been summarized. 

In fig.lb, the arrangement feature of the electron diffraction spots is regular. 

The experimental result shows that there are splits of electron diffraction spots along 

[202],[280]T,[04i]u,[443], in these four directions (see fig.lb), i.e., there are plane 
-defect on the crystallographical plane (202),(280)T,(04l)u, (443) in the mineral (In 

fig. I b, T, TS, TT and TF show first, second, third and fourth order twin spots, 

respectively). 

The discovery and study of the microstructure characteristics of the low 
symmetry and complex (high-order) twins in borate mineral not only furnished new 

data for the modern mineralogy, but also gave an example for the study of mineral 

microstructure. 

-
ELE~ON!~ICROSCOFIC STUDY 0~~ INCLUSIOBS IJJ SMALL DIAPIDIDS 
·eecURRED nr LlAOllR 

Xiao Xugang', Liu _ <rang, 
versity of Technology, 
Bepu'Dlic of China 

• 

Departmem.t of Geolog7, lfortheast Uni­
Shenyang Liaoning, 110006, People~.s 

• 

Iaelusions in small diamonds (max d1a.~.5mm) occurred in 

s~uth Liaoning, can be obserYed with stereomieroscope. Powder 
• 

samples are prepared by crushing with tvo plates of W-Ti-Co 

hard allo7. Three ia~luded minerals are discovered with trans-

mission electronmicroscop7. · 

1, J1..:r1ch Chromite Indexed SAD patter11s( fig.1) 1Jldicate 
• 

that . tbts mineral cr,stal L9 culdc face ceartred aDi las cell 
• • 

param-eter~ · a=0.8410111. Chemical' compositioms obta1necl from BDil 
~ 

are: K€ .20.985-. il 25.392~~ er 33.129:'. Pe 20.494"· 

2~ x~:reldspar (s•1d1ne, erthoclase) 
. r.,,e:red SAD patterns 

• 

show as tig.2. Hter !liggii•s r.eduetioa, a unique Bravais cell 
. 

• 
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• 

is dete1.,n:! ned. This is a monoclinic base-centred cell having 

parameters a= O .873M11u, 1-c1 • 307•""? c=O. 73"tmn, ~ =118°. C'Jiellrl.cal 
• 

compositioas from EDU are: !l 22.027~, Si 61.013~, I 16.966~ • 

This mineral ea• be determined as K~ feldspar. 

3,. QUart.z ft-ese 1Dcluded minerals are videspred in the 
• 

~all diamonds. n1eir compositio~s all are S~02 determined with 
electron probe EW.-810Q. S.AJ) patte2·11s manifest '3- or 6-fold · 

• 

cell parameters a=0.497mm, rotation sy111metry and contribute 

~=O. 54511r1i, so these minerals •a7 be confirmed as d- or (J -quartz • 

• 

• 

• 

-

• 

• I' 
...t'40 • 

, 

• 

I • 
• 

• 

• 

• • 

• . , 
.. -'zo • 

_...., -· ~ ? 
l02 

• • • - ., zz.o 022 
• • • • 

' 

• • Abo 

- - ·-

a~ ( 001 );*, J.c4 ·. .. ,. (111))-·,...l~ c, (011~· • .L~ 

• 
• 

• 

• 

F!g,. 1 Indexed SAD patte1•11:.s of '1-riclil aii'Omi te 
• 

• • • 
• • • •• o e . Ioo 
' ~ ~ ~: , 

' 110 • 
020 2 ~o 

• 

• 

• 

• • 

• a; . ( 001 ):• 
• • 

• • 

- OOO 
. R.r~ 

l 
. 020 

• 

• • 
'- R' - r 

Jl2 

• 

• 

• 
• • 
. , 

• 
• 

• 

• 

• 
• 

-'· 
b, 
,. 

Rs -r o.LJ. •• o • 
I ' 

' I e24 : 

• • 
o o~o __ .....;P.:..;:i ..... ~ o f 

• 

020 .. "' • 
• 

lt.lf . 
• • 

• 

(104)* 
• • • • 

• • 
• 

• 

' 

• • 

• 
• 

' 

. .. .. --- . 
• . . \. 

• 

o~ R,.1oJ 
,, ·~ - . 
o~o l.21 

Cr (102)* 
• - • • • 

• 
• o~:> 

• R.;..., 
J 

020 • 

d, ( 203) * 
• 

• · e. (101)* t, (201 ))* 
• • 

------ - . -
F1g. 2 hdexed SAD patter.&S of I'~feldspar 

. .. . . 
\ 

• , _. .. . - . 

• 

. a, .Lc3 or 

• 

• 

• • 

.. \... . - 1--·. .. ·-·· 
... ..f - -t-- _ _. 

• -· ~ =- . .. .. • 

~ ·- ---·•· - ... • • • 
-~- - -·:. .f -- .• 

Pig. 3 SAD patte1°11is of quartz 
• 

• 

. , 

. . . - --· 

.. t .~ 
' 

• 

• 

• 
• 
i 
I 

• 
• 

• 

Comiclusi.oa: Jlineralogieal composition coJrsisting of above 

mentioned tllree minerals included in small Liaonim.g-diernomd~!, 
• 

1.s m:ear to that of ac'idic igneo11s rocks, so . tb.e7 are not limed 
• • 

to peri.doti te sl1i tes and eclogi te suites. • 
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Properties of Diamc>nd, (1979):, 

ST"CDIES ON THE DEFECT STRUCTURES ,\ND ~tETASOMATIS~~ OF OL IVI~ili Ai'JD P\'ROXE~"E IN 
LHERZOLITE XENOLITHS FROM BASALTS IN FrJIAN AND ZHEJIANG PROVINCES, 
SOUTII EASTER.N CHINA. . 

• • 

Xie Xlande Liu Jwisua Xie Hongsen 
Institute of Geochemistry, Academia Sinica, Guiyang, China 

• 

• 

Along the east coast of China, Cenozo:ic basalts and mant Le xenoti ths 
therein contained are extensively distributed. Crystals of olivine and 
pyroxene in therzotite fragments from Fujian and Zhejiang atkati basalts 
were examined under a transmission electron microscope, conclusive evidence 
onmetasomatism of an olivine on a submicroscopic scale was found; and a 
mode for wcryptic" metasomatism in the mantle is proposed. 

I. Defect Structures 

''Kink band" parallel to ( 100) with cross.ing [lOOJ screws and wal ts 
parallel to <100) and <001) respectively defining long subgrains dominate . 

the deformation structures of the otivine(with . ~ Pbnm system) from Fujian 
and Zhejiang. Besides, there are some free screw dislocations of (100] and 
some fractures, faults and subgrain boundaries. Climb and recovery of 
dislocations of the olivine from Fujian are remarkable. Defects in the 
orthopyroxene from both· Fuj ian and Zl1ej iang are mainly bands of edge 
dislocations parallel to <100.). Lameltae of ctinopyroxene parattel to <100) 
formed both by shear-induced transformation and by exsotution are common. 
Fractures parat let to {hkO} are often found in the ortl1opyroxene from 
Fuji an. 

The dislocation densities of both 
Zhejiang are larger than those of their 
probably a deeper origin of the XP.notiths 
g e o t 11 e rm a l g rad i en t i n t It e are a o f Fu j i an. 

the olivine and pyroxene from 
Fuj ian_ counterparts. Th.is means 
from Fu j i an basal t s, or . a tar g e r 

Bubbles were found existing alo11g tl1e defect structures both in olivine 
and in orthopyroxene. -

• 

II. Metasomatism 

. 

Metasomatism on a submicroscopic scale was discovered within an oliyine 
crystal along the subgrain boundaries. There are typical gulf-and-peninsula 

structures o~ metasomatism along tlie metasomatized edges of olivine 
subgrains; electron diffraction patterns of the metasomatic products are 
hexagonal, quite different from those of the host olivine. Metasomatized 
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• 
• 

• 

zones are from about 200 A to 2.5 µm. Another interesting phenomenon 
probably related to mantle metasomatism is that within an olivine crystal a 
mica phase was found with dislocation boundaries between mica and its host. 

, Tl1e olivine close to tl1e boundary is evidently altered; but the mica near 
the boundary is :1ot. Etectro11 diffraction pat terns show that tl1e mica and 
olivine have a common lattice plane with the <100) plane of the olivine 
coinciding with the (001) plane of the mica. 

Border rings of a clinopyroxene from Fujian were sl1own to be an 
extremely fine mineral mixture in which larger mica crystals were observed. 
In one case, mica is observed in the ring under the optical microscope . 

• 

III. Discussion 

Geochemical studies have shown that alkali basalts and their therzotite . 

xenoliths from Mingxi County, Fujian Province were enriched in LREE CR.Y., 
Zhang, B.L., Cong, 1987); but no metasomatic structures or phases were 
found. Similar phenomena were found in many other places in the world. To 
interpret these phenomena, metasomatism in the mant te was ear.1 i er pro­
posed by geochemists. Unfortunately, tacking of structural evidence makes · 
the conce.P t un.cer tlain and restricts its wide reception. To go around this 
difficulty, the term "cryptic" metasomatism was used to denote the LREE 
enrichment processCM.F., Roden and V.R., Murthy, 1985). The discovery of 
metasomatism on a submicroscopic scale within an olivine from Fujian has 
confirmed the "cryptic" type of mantle metasomatism. In fact, we 
tentatively suggest in this study that the so-catted "cryptic" metasomatism 
is actually a process in which incompatible element-rich f .. tuids diffuse and 
alternate the original phases along their defect stru·ctures and subgrain 
boundaries on a .submicroscopic scale. The abundant bubbles found existing 
along the dislocations and subgrain boundaries in both olivine and pyroxene 
make this suggestion feasible. The metasomatism of an olivine from Fujian 
along its defect structures in zones less than 2.5 µm in size may be 
regard~d as direct evidence of the proposed mode. 

*Supported by the Chinese Committee of- Natural Sciences 

. . 

Xie Xilin, Lin Xinyuan & Wang T.iben, Institute of Mineral DeJX>Sits, 
Acadany of GeolOgical Sciences,Beijing 100037,China • 

• 

rowD12 is a familiar software package which was r ed by the 
International Ccmnittee of Crystallography to the international 'ty for 
theoretically simulating the patterns of X-ray diffraction. The original .copy of 
rowD12 was created on the IBM370/3030 and CDC6600 canputer at Pennsylvania state 
University of the United States. Based on the magnetic type provided by Prof. Shen 
Jinchuan· of China University of Geosciences-Wuhan, we have transplanted this 
package oo mini-canputer PDPll/24 of M700 system S,and en micro ·canputer 
CASIO of D/MAX 3B system RIKAGU; E9801FC of XRD system, CAGS. 

In order to read the sot11·ce p~ram of POND12 withoot the help of a magnetic 
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• 

type unit, the files oo that type were first rewritten oo 8 inch floppy disk(single 
side, single density) bY using FACCll M-150 catpiter; then Jilysically read and 
exp].~jned as external files ~ PDP 11/24. 'Ibe obtained sot1rce prog1'am was 
transmitted to PC canputer in the form of ccmwnicatioo. 

•. 
• 

• 

. POWD12 package was written in language. 'nl.e difficulty in executing it 
oo a mini or a micro OODJJUter is lack of internal . storage. Fortunately, . this long 
program co1ld be cal.verted into several ioodels which are relatively independent and 

• 

capable in being executed coosecutively.· 'Ibe transmitting of parameters anmg the • 
tmels is dale by ''Real parameter'' or ''Camm Sent~··. 'Iherefore, we divided 
POWD12 into st1h rocdels. '!he calculating results of the first IOOdel will be put into 
the succissi ve one throogh the external · eqtij pnent (disk) • 'Ibis method in which the 
S\•h noiels- are executed by stage, the parameters transmitted by disk file, has a 
general value for realization of a large program package oo the micro Canputer • 

• 

In this way, three copies of POWD12 have been created for the alx>ve three 
mini-and micro catp.lter systeIS. Requirement for input data are as that for the 
original copy. For output, despite printing the diffr.action pattern on a printer, 
we have written the programs for !:crCeil display.and for plotting. A data file whose 
structure coincides with th2t of the data file for a special type of diffraction 
system is also prOOuced after calCUlation in orcer to be directly used by the data 
processing system of cliffract~ters • 

• 

Sare good results were obtained by using this micro-canputerized copy of 
"' POWD12 packge for st · g the structt>res of superconductors in the low-temperature 

laboratory of the Peking University, .. and in the Institute of Chemistry, Acadt311Y 
Sinica. . 

• • 

• 

THE STUDY ON THE ORTHOPYROXENE WITH SPACE GROUP P2 1 ca 
' 

• 

XU Huifang, Department 
Nanjing, Jiangsu 210008, 

of Earth Sciences, 
People's Republic of 

• 

Nanjing 
China . 

c 

University, 

It has been carried out that all of the k odd diffraction 
-

spots violating b-glide are completly present on Okl electron 
diffraction patterns of three orthopyroxenes, through detailed TEM 
study for the orthopyroxene megacrysts [sample 1, hypersthene 

• ' . 
(En5,Fs+rW03) from Blackhill, Chengde, Hebei Provi.nce,' NE China; 
sample . 2, enstatite (En94' Fs& ) from Bamble, Norway; sample 3, 
ferrohypersthene (En•a Fs5' Woa-) fro• Bettola, Italy]. The result 
shows that k odd diffraction spots are caused neither by C2/c 

• 

clinopyroxene exsolution lamellea on (lOO) with fortuitously 
similar cell parameters or the difuse streaks of orthopyroxene 

• 

along a* direction, nor by the overlap of certain diffraction · fro• 
• 

the orthopyroxene itself and/or clinopyroxene neighbouring Okl 
diffraction plane of orthopyroxene or multipl diffraction effect 
(Sasaki et al., 1984). 

The result of phase transition is brought out, the whole k odd 
• 

• 

-365-

'· 

• 



-

spots in Okl di{fraction pattern systermatically disappeared when 
the sa•ple was heated to about 900°C, according to the SAD pattern 
in the process under heating stage of TEM for hypersthene (sample 

. 

1) ·· (Xu et al., 1989). Thus, author confirmed that the 
orthopyroxene with spac.e group P2r ea really exists in nature. 
Having studied for other orthopyroxenes with different composition 

• 

and occurrences (sample 4, brozonite (En17Fs 13) of the lherzolite 
inclusion in alkali basalt, East China; sa•ple 5, hypersthene 
(En,, Fs 1~ Wo1 ) of the norite fro• Blackhill, Chengde, Hebei 
Province, NE China; sample 6, hypersthene (En,,. FSJJ Wo~) of the 

• • • 

gabbro from Jinan, Shangdong Province, North China), author 
obtained same cone lus ion. The results from above orthopyroxene 
samples show that orthopyroxenes with different co•position (range 

. 

from En94 to En.a), different occurrence (fro• intrusive rock to 
.yolcanic rock) and different geological ages (fro• Presinian to 
Cenozoic) display P2tca symmetry. It can be inferred that the 

Fig.1 The possible 
domain boundary in 
P21ca orthopyroxene 
(broken line repre­
sents domain bound­
~ry). 

l -OA1 ; 2-SAi ; 1 '-OB1; 

2'-0B~; o-M1A(P•N); 
0-M.iB(P•P). 
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a 

space group of al 1 orthopyroxenes sbo.uld be P2 f ea under noraal 
te•perature and pressure condition, rather than Pbca. 

Author conf ir•ed that there is a new kind of doaain structure 
in the crystals of P2 1 ea hypersthene (saaple 1) and P2, ea 
enstatite (saaple 2) (Xu et al., 1988; Luo et al., .1988). The 
neighbouring doaains are repeated systaaatically -Oy the syaaetry 

. 

operation _of (100) syaaetry plane and the glide of b/2. Two 
neighbouring doaains are in the relationsh~p of anti-orientation 
for· their polar a-axis, and the step-like boundary between two 
doaains costitutes inversion doaain boundary (Fig.1). Existence of 
this kind of doaain structure corresponds to the effect of b-glide 
on (100) plane coapletly, which conceals the true · sy•aetry and 
crystal structure, and leads to streak of diffraction spots 
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(sa•ple 1) and /or satellite spots (sa•ple 2) parallele to a*. 
1. Sasaki,S. et al., 1984:A•. Mineral., 69, 1082. 
2. Xu,H. et al., 1988:Exploration of Geosciences, 1, 59. · 
3. Xu,H. et al., 1989:Journal of Petrol. and Mineral., 8, 188 . 

• • 

TYPES OF DOMAIN STRUCTURES IN MINERAL CRYSTALS AND THEIR 

TRANSMISSION ELECTRON MICROSCOPE STUDY 

XU Huifang and XU Ning, Department of Earth Sciences and the Laboratory of Solid State 

Microstructures, Nanjing University, Nanjing, Jiangsu 210008, People's Republic of China 

The domains with cell level (include stacking fault and exsolution caused by spinodal 
• 

decomposition, in solid solution, in broad sense) extensively exist in mineral crystals, which, 

affect the crystal structure, chemical composition and physical feature of minerals. It is realy 

possibole to reveal domain the structures by using of transmission electron microscopy and 

electron deffraction. The physical chemistry condition and the evolution history of thet1nal, stress 

and chemical composition of minerals can be revealled by applying the domain sttuctures from 

microcosmic angle. 

The domain structures can be clusified into three main types according to their characteristics 

. and genesis. I: The domain structures constituted by a series of domains with same composition 

and structme, which include (1). antiphase domain structure [eg. (i) APD in pigeonite formed 

through the displacive phase tran$ition from C2/c symmetty to P2t/c's (Heuer and Nord, 1976; 
. 

Ca•penter, 1979); (ii) APD in omphacite formed throughthe ordering of (Mg,Fe), Al and Ca, Na 

in Ml and M2 site in the process of phase transition from C2/c symmetty to P2/n's 

(Champness,1973; Carpenter, 1978); (iii) extended antiphase domain strUcture observed in 

K.NbW209 crystal (not mineral) below the , to CX phase transition temperature with certain width 
.. 

of domain boundaries (Tao, 1988);· (2). Domain twin [eg. (i) superlattice orthoclase fonned 

through the ordering of Al in tetrahedra site (Xu et al, 1989) and (ii) super-microtwinning in 

perovskite and leucite for1ned through the deforming of crystal lattice]; (3). Inversion domain 

structure, such as appeared in P21ca orthopyroxene. This kind of domain structure includes the 

characteristiccs of above two domain structures. The neighbouring domains are repeated 

symmetrically by symmetry operation of (100) symmetry plane and the glide of b/2 along b-axis 

(Xu et al, 1988).11: The domain sttuctures COD§tituted by the domains with same composition but 

differen s1ructme [eg. (i) P21/c -and/or C2/c clinopyroxene domains in orthopyroxene crystal, 

which may be caused by stress, phase transition (Buse~k and Iijima, 1975) and/or stacking fault; 

(ii) long period structure caused by the stacking of different crystallographic layer modules, such 
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• 

as the chlorite with long period (Xu et al, 1989) and_ long period polytypes in pyrrhotite. III: The 

domain structures constituted by the domains with different ~omposition and structure, (in a broad 

sen8e ) ·which include (1). exsolution structure caused by spinodal decomposition in solid solution 
• • 

[eg. anorthoclase, sanidine and augite from volcanic rocks], (2). the domain structures caused by 
. 

polysomatic reaction [eg. chain· width disorder and long period modulated structure in inosilicates 

and mixed layer structure in phyllosilicates], (3). extended domain twin for1ned through the phase 
~ 

trnsformation by the change of chemical composition [eg. domain twin in laihunite with certain 
• 

width of olivine domain boudaries {Fu, 1988) which is formed through the phase transformation 

from fayalite to laihunite by the oxidation, and the domain boundaries are parlleled to (001). If 
\ 

these two types of structure units are arranged periodically, the modulated structure may be 

for1ned]. • • 

• 

All these types of domain structures show the definitely crystallographyc relationship ·in 

mineral crystals, and appear differentely in electron micrograph and electron diffraction pattern. It 

should be poited out that some kinds of domain structures may display transitio nal features of 
• 

4 

above types or complex features of above two or more types, such as e-diffraction structure in 

inter1nediate plagioclase (Kitamura and Morimoto, 1983). · 

ELECTROtt 
ZHEJIANG 

DIFFRACTION 
PROVIl~CE . 

• 

• 

STIJDY ON MAGtIBSIOCUMMING'IDNITE FROM LONGQUAN, 
• 

• 

XUE Jiyue, MA Jun, Department of Earth Sciences, Nanjing University; 
ZHANG Fusheng, HU Meisheng, Center of Material Sciences, Nanjing 
University; • 

WANG Luchun, Laboratory of Solid Microstructure Physics, Nanjing 
University; t~anjing. ,Jian~su 210008, People·'s Republic of China 

TI·1e studied 1nagnesiocummingtonite(Mg-Cum.) with the form of fribrous 
or radial aggregate surrounds the peridotite block within Early 
Pa 1 eozo i c melange zone of Lo11gquan, Zhej i ang Prov i nee. The 1 ength of 
its crystals ranges from several mm to about 1cm. Under polarizing 
microscope it is of inclined extinction, cANg=l0°-13•, and it coexists 
with olivine, talc, serpentine, etc .. Its ratio of Mg/(Mg+F is 
about 0.80. It is poor in calcium and aluminium. 

• 
' 

rne features of the ~001~ electron diffraction pattern of Longquan 
Mg-Cum are: (.1) The patter·n is composed of ·a series of diffraction 
streaks pa1"allel to b* axis, which are overlapped by diffractior1 spots. 
It is sr1owr1 that t~1e t,fg-Cum is disor~dered in long range along b axis; 
(2l The hOO dif fractior1s -of h odd and }1+k/2=2n+ 1 (h=2n+ 1) diffractions 
wh i cr1 v i (J 1 F1te <~-center lattice are ·very weak and oh 1 iterated by the 
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diffraction streaks. As the OkO· diffractions, k odd diffractions are 
systematically extincted; (3) All the k=4n diffraction spots are 
strongly sharp and circular, whereas the others are somewhat elongated 
along b* axis and orbicular. 

'Ilie long range disorder of Longquan Mg-Cum along b axis is verified 
by its high resolution lattice image. The isolated wide chain lamellae 
para 11 e I to ( 010 ·) are common 1 y seen ur1der TEM. Among these multi p le 
chain lamellae, triple chain is predominant. 'lbe interval of multiple 
chain is irregular. 

Based on tl1e existent condition of diffractions for Longquan 
~tg-Cum, it is known that the space group is P2v'm. After analyzing the 
[001] electron diffraction pattern, authors believe that it is a sort 

. 

of Mg-Cum which somewhat deviates from PZ.1/m structure. 'Ibis assumption 
can be proved as the following: (1) All the k=4n diffractions are sharp 
and strong imply that there is a subperiod whose length is b/4 and this 
repeat period is very constant. This length equals the distance between 
two nei uring Si4+. When the amphibole-CVm inverts to the P2a/m form, 
it is necessary to transform half of the double chains. The 
transformation can be completed only by rotating the 02

•• 'Il1us, during 
the course of phase transformation from C2/m to P 21/m with the 
decreasing of temperature, the sites of the Si4~ basically have no 
displacement. 1be arrangement of Si'+ in P21/m-form succeeds to from that 

in theCZ/m-form. It seems that they are strictly arranged at the Bravais 
• • 

lattice positions of P21/m. In consequence, there is a subperiod of 
b/4 in the electron diffraction pattern. However, 02~ must be rotated. 
Probably, this rotation will cause the arrangement of 02- to deviate 

• 

from the Bravais lattice p0int. As the result, the k~ spots are 
diffuse along b* axis. The more the spots diffuse, the 100re the o&-
sites deviate from PZ1/m lattice. (2) The SPOts violating the C-center 1ed 
lattice on the ~001 ] diffraction pattern are barely seen, · so that 
the foil sample has to be tilted slightly. Among these spots, 
only h+k/2=2n+1 (h=2n+l) spats appear. Again it is .another ~mple 
of incomplete phase transformation. It is common that the diffraction 
spats appear early in the initial stage of the phase transformation. 

According to the previous report, the relative diffraction 
intensities violating-th.tC~centetal .lattice change from sample to sample for 
Mg-Cum. Obviously, they depend on the progress . of phase 
transformation. It is believed that the Longquan Mg-Cum lies in the 
initial stage of phase transformation from C2/m to P21/m. 

, 

New crystallochemical and genetic data for turQuo1se 
Yakhontova L.K., Plyusnina I.I., Soboleva T.V. 
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TurQuoise f .rom m1ddle Asia and Armenia occurences 
has been studied. A number of samples has been analysed by 
IR-s_pectroscopy with denterat ion ·(Specord 75-IR;3000-400 

• • 

cm·• );two equallyimportant phosphate anious have been 
found: pa4· and HPO~ .An acid anion has been sound by 
absorption at 2aas, 2a2s, 1200, 11ao,1160,1os7, 1012, 908, 
g37, , 770, 7"65 and 693 cm·! Characteristic bandshifts in 

• 

deuterated samples gave a confirmation of the IR-bands to 
belong to OH-osc1Llations and to the HPOt anion in 
turquiose structure. So the most plausible turquoise . -

for mu La is Cu.Ai 6 [P04la (HPO•] a (OH~,• 4HaO. 
Two main stages of turquose formation have been 

defined 1n our studies of mineral genesis: 
1) A Low temprature, . hydrothermal stage where vein 

turquoise associated with qurtz and pyrite· was formed 
• 

(quartzified terquoise) . 
• 

· 2) A hypergenous stage related to the actual 
weathering processes. It implies an intense Kaolinization · 
of the embedding quartzfeldspathic rocks and evolution of 
turquoise · i.e. ;mpre9nation of the mineral with allophane, 
opal and Kaolinite followed by intense amorphisation and 
stab;L;sation of the specific relations between Cu, AL and 
F et+ . . 

E TRANSMISSION ELECfRON MICROSCOPE S'I'Ul>IES OF 
RANDIDIERI'I'E 

Yana Guana1nina Wu Xiullna Pan Zhaolu 

China University of Geosclences,Wuhan 430074 

• 

We have studied the cell parameters, micro-twinning structure, crystal defect and 

lattice image of grandidierite discovered in China recently. The studies gain new data 
• 

unobtained by optical microscopy and X-ray analysis for grandidierite. 

1. A set of the electron diffraction patterns was obtained with the selection area elec­

tron diffracting mode. According to the angles relationship between these patterns, recip­

rocal lattice plane perpendicular to node OKO was obtained by geometric building meth­

od, the unit cell parameters of grandidierite measured from these patterns are 
0 0 0 

orthorhombic with a0 = 10.30A, b0 = 10.98A and c0 = S.74A, It is the same with our result 

by the Four Circle Single Crystal Diffractometer. 
• 

2. The diffraction spots obtained by SAED have spliting feafure on the same layer 

line (Figl-a). Its contrast image corresponding to the Fig 1-a displays distinct boundary 

with twinning character (Figl-b). In the Fig 1-a, the orientational index of the crystal 
. 

zone of the matrix and twin is [414] and [4i4],.respectively. Figl-c show that the twin 
. 

spots (hkl)y and matrix spots (hkl)m have a symmetric arrangement for the twin plane 
• 
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(101). (hkl),. and (hkl)m overlap each other by rotating 180 ° around axis [101). When 

Hh+Kk+Ll= Sn, the two sets of spot combined upto a set of spot, where,n =0,± 1,± 2,··· 
. 

,and HKL is twin axis (simplified divisor index).This arrangement feature showed that 

the twin belongs to rotation law with[lOl] (e.g. plane law twin with (101)). Their index 

hkl is the same , but symbol is opposite.By calculating of the twin index transfor1nation 

matrix [T], we can deter1nine the positions of the twin spots in diffraction coordinate sys­

tem of the matrix . The experiment result is the same as our result calculated by index 
-transfor1nation matrix [T]w and twin orientation transformation matrix [11uvw· 

3. Sometimes, we can observe the longed spots which have periodicity as two layers 

on an electron diffraction pattern (Figl-d), it is a crystal defect and might be a stacking 
fault. The grandidierite occured in the region metamorphic rock and associated with high 
temperature mineral; sillimanite. Its growth defect usually exist. However, the distribu-

tion shape of the spots and corresponding lattice fringe image (Figl e) from other se­

lected area displays that the crystal is unif or1nity structure. 

The studies show that the mineral structure is imperfect for grandidierite. The 
. 

micro-twinning structure and stacking fault is main cause that leads to the mineral im-

perfect. The micro structure detail provided direct criterion for studying genesis of geolog­

ical body and its evolution process. However, this observation is very difficult for optical 

1nicroscopy or X-ray diffracting method. 
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- --Figl. a-combined electron difTaction pattern of ma~ [414] and twin [414]Tcorre-

sponding to b; b-bright-field image of twin for grandidierite; c-indexing pattern ex­

tended according to a; d electron diffaction pattern showing crystal defect; e lattice 

fringe image (corresponding to upper right); 120KV, CM12, Philips. China University of 

Geoscicnces (Wuhan). 
• 

• 
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ELECTRON MICROPROBE ANALYSES AND TRANSMISSION 
ELECTRON MICROSCOPE STUDIES OF CHEVKINffE 

• 

Yang GuanamlnK· Wu Xlullng Zhao Wenxla · Pan Zbaolu 

China University of Geosciences, Wuhan 430074 
• 

• 

We studied naturally occurring chevkinite from a rare earth mineral deposit within 

an aegirine alkali feldspar granite massif in south-western China. The chemical composi-

tion of mineral was determined by EMXA with a JCXA-733 superprobe and the results 

were shown in Table 1. The distribution of the REE weight were obtained by ICPS. The 

agreements between these two results were quite well. The crystal chemical for1nula of 

chev kini te is ( Ce1.819L&o.9s1 N <fo.-408• •• Cao.695) 3.913F e2+ (F er,1,F e~~3~ Tio.317Nb0.259M n0.127 

M&.os7Alo.042) 1.952T20 1[Si2.0860 7]2 , while ideal formula is (RE,Ca)4Fe
2
+(Fe,Ti,Nb)2 

' 

Ti
2
0

8
[S20 7]2 • Electron diffraction analyses and high resolution lattice fringe observa-

tions of the mineral were carried out with a TEM in our laboratory. Fig 1,a-d show the 

electron diffraction pattern of chevkinite for different orientation. The angles between 

patterns band c, c and d with rotation about OKO are 44.41· and 23.SS· ,respectively. An 
• 

electron diffraction pattern corresponds to a reciprocal lattice plane. So the angles .be­

tween the electron patterns represent the angles between the corrsponding reciprocal lat­

tice planes. Fig 1-f is reciprocal lattice plane forrned by using geometric building meth­

od. Its arrangement feature of spots is the same as electron diffractioll .. pattern Fig 

1-a(lower left). It showed the reciprocal lattice obtained by the building, method is cor­

rect. The unit cell parameters measured from Fig 1-a,b are: ao= 13.40, b0 = 5.74, 
0 eo= 11.07A, /J= 101 °. The unit cell parameters are the same as our results deter1ninted 

with the Four Circle Single Diffractometer. Electron diffraction law is: h+k = 2n in hkl, 

h=2n in hol, k=2n in oko. Its possible space group is C2/ m, Cm, C2. Fig ·t-e is high 

resolution lattice image of chevkinite (corresponding to lower left,Fig 1-a). It showed 
0 0 

that the lattice image with ao= 13.20A, eo= 11 .. 00A and {J= 101 ° has a reciprocal rela-

tionship to the vectors a• and c· in Fig 1-a. 

Discussion: The chevkinite is rich-Nb in the composition and this is related to Nb 

Table 1. Electron Microprobe analyses of Chevkinite. 

lncthocll CaO Mt<> PeO MnO At10, SiO a Ti0 1 l:Nb 10, La20 1 CeQI Pr10 1 Nd10 1\llla 10 1 1Bu10 1 YIOJ 111••• f.TR.101 

1 3.45 0.28 12.19 0.70 0.19 19.29 15.25 2.65 11 .. 79 23.85 1.25 S.43 0.30 0.09 o.os 96.74 42.75 
E ' . 

2 3.38 0.18 12.24 0.62 0.22 20.51 14.61 I: 98 12.22 24.02 0.11 S.46 0.21 0.28 o.os 97.09 42.36 
·- •· 

M 3 3.40 0.07 113.01 0.67 0.08 l20.S8 1S.4S 2.84 13.02 24.40 0.27 S.48 0.28 0.33 0.12 99,98 43.89 -
x 4 3.37 0.27 12.33 0.62 0.19 l20.S6 lS.08 2.99 12.21 23.86 }.25 S.46 0.30 0.28 o.os 98.81 43.41 

A 
s 2.07 0.17 112.33 1.07 0.1~ f 19.85 13.99 2.38 12.70 23.82 1.54 S.73 0.40 0.20 0.00 96.4l 44.39 

r. 3.13 0.19 12.42 0.74 0. i 1 20.16 14.88 2.77 12.39 23.99 0.88 S.SI 0.30 0.24 o.os 97.83 43.36 
' 

La
1
0

1 
Cc0

1 Pr10, d10, ,o, :Bu,o, DdJOI n 10, Dy
1
0

1 
Ho

1
0

1 
Br

1
0

1 
fm

1
0

1 
'I n10

1 
1.u

1
0

1 
r.np, 

ICPS 
Yp, 

13.41 22.80 1.14 S.12 0.34 0.06 0.20 0.028 0.04 0.01 0.02 0.004 0.02 0.003 0.088 43.28 
' 

• 

Analyzer: EMXA-China University of Geosciences; ICPS-Hubei Geological Research Laboratory .. 
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abundance in the parental pluton; The space group of chevkinite determined by Peng and 
• 

Pan(1964) is C2/ m, while ·the S.G of chevkinite determined by _ C.Calvo a~d 
R.Faggiani(1974) is P21 I a. In· our paper, the study of electron diffraction for chevkinite 

shows that S.G. is also C2 I m. La,Ce in the synthesized chevkinite is replaced by Nd and 
• • 

• 

Fe by Co,Mg. This is a possible cause which leads to space group variation. Up to now, 

•the chevkimte• containing only Nd bas never been discovered in the nature . 

• 

, f d 

• • • c 

-ZQO 

• 

• [01~ 
·. 

F.1~ a,b,c,d-selection area eiectron diffraction pattern rotated about OKO; e-lattice 

fringe image of chevkinite( corresponding to lower left ); f-reciprocal lattice plane 

fo1111ed by geo~etric building meth~. · . 

RESEARCHES ON THE APPLIED MINERALOGY OF RECTORITE FRON ZHONGXIANG, 
. 

HUBEi, CHINA 

Zhang Rongying, Zhao Lianqiang, Sun Xiaocheng 
• 

CHubei Provincial Institute of Geological Experiaent) 

ABSTRACT 

The Zhongxiang rectorite occurs in lujiaping Fonaation of upper series of 
Per11ian Systea. Under polarized light aicroscope the rectorite is fibrous, 

. 

parallel extinction and positiye elongation. Ng'=l.549-1.553, Np'=l.5.IS-
1.522, density=2.l6/c.-. Cheaical foraula is as follows: 
aica layer, 

• 

( N&o. 79Ko. 39Cao. 26) 1. 44A l~ [ ( s 16! l2 >a<>-mJ (OH>• 
saec t·i te layer: 
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< C10.ssNI0.~.01N90.03)o.61CA l4.1Feo.09M90.01>•.26 (CSi6.46A l1.s•)a020) <OH>4. nlf20 
It is a Na-rectorite in which the aica layer is paragonite, and saectite 

• 

layer is possesed of beidellltic coaposltion. The x-ray diffraction data of 
OOl reflection show a reg~lar integral serlers, a =0.17, VC=O. 618, a.=5. lOA, 
b,=8.19A , c,=sin tl =24. 69A , Infrared absorption spectra are 3640, 3440, 

• 

1618, 1110, 1078, 1012, 935, 905, 812, 802, '981 6351 5401 488 aa4 468c•·•. 
The differential thenaal curves show four endotheraic valleys <110~ ,JtO-C 
, fiOo·c and 1020-C> and one exotheralc peak Cl065.C>. The loss weigth within 
1·000-c is -15. 35". Under electron aicroscope aost of rectori te for11s appear 
irregular schistose, a few of which are fibrous and fold-banded. 
Rectorite clay is possessrd of aany excellent physicocheaical and 
technological properties, such as colloidal dispersivlty, · water-absorbing 
swellability, cation exchange properties~ plasticity, stickability, etc. The 
grains of less then 2 µa account for 76-90" • The col told valency ls 
60•l/l5g,its expanding capacity, 5.B•l/g, the colloiial rate of Na-ionized 
rectori te, 100"'· the colloidal disptrsivi ty, good, the interlayer swell of 
hydrated rectorite, up to41A, Its OS90sis swell is esti•ated greater than 
lOOA. The cation exchange capacities CCEC> are ''·' .. ol/IOOg, aaong . 
wh i eh Eca•· is 3 7. a, atg•·, 1. 8 2, ENa'1 1. 44, me·, 0. 6 B•o l/l OOg. The dOO l 
of hydroxy-aluainu• cross-linked rectorite1 the titaniua oxide cross-linked 
rectorite and NH;--diaethyl octadecyl hydroxy ethyl chlo!ide coaplex 
rectorite are 28.2A, 37.9A, and 29.SA, respectively. Its plasticity: 
the plastic index is 49. 2, liquid li•i te, 82. 7•, plastic liai te, 33. 5• • 

• 

Its stickabllity is good. Dry and wet coapressive strengths are 601.6 K Pa 
and 58.8 K Pa respectively. Its external specific surface area is 1 .. /g; 
the internal, 383•1/g; the total, 390•1/g. The ... onia absorbing quantity 
is 6 •g/g. Fire resistance equals 1660.C. 
The application study of rectorite is as follows, 
I.New-type petroleua catalyst carriers 
Petrolet111 cracking and catalystic carrier •ade of inorganic cross-linked 
rectorite is possessed of good adsorption property, good theraal stability 
and high tronsfor•ation rate. 
2. High te•perature-resistant •aterial of drilling aud fluid: 
Made of rectorite the drilling aud fluid is possessed of such advantages 
as the high aud aaking rate <24.6••/t), low dehydration quantity (<13al/ 
30•in), low yield value C<lOPa>, thin aud crust C0.5 .. ) and good heat 
s tab i l i t y, e t c. 

3. Freshness-keeping agent for aat straws · 
• 

The freshness-keeping •gent •ade of rectorite is . · 
in aud aaking, aoderate in acidity, thin and unifora coating, 
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• 

and sunlight ultra-violet radiation defence and keeping green colour and 
seen t. 

4.Suspension agent of coating: 

Based on the good suspension of the rectorite in water solution ,excellent 
adaptability to organic substances, etc., it can be , t i l i zed for suspension 
agents of high-temperature resistant steel ea~ ~ Loating and or~a.nosilic on 
resin coating. 

5. Cement: 

By using the stickability and plasticity of rec torite, it is utilizedfor the 
• 

cements of the coating of welding electrode, high-voltage electro-ceramics, 
cast aoulding sand, coal briquette of synthetic aamonia, etc • 

• 

A STUDY OF STM IMAGES ON CARBON - GRAPHITES IN S'l, ~ . 1S 
CHINA'S GEOLOGY HISTORY T 

ZHENG Zhe, Department ofGeology, Peking University, Bei.jng 100871, People's 
Re public o.f China; 
YANG Weisheng, YAN Jing.iJan, Department o.f Physics, Peking University, Bei.j.ng 
100871, People's Republic o.fChina · 

There are enormous organic matters buried in sediments in various geological 
periods of China, which can be transfor1ned into carbon materials including 
kerogen and graphite with different crystalline degree undergoing catagenesis, 

• 

metagenesis and metamorphism. These carbon materials, which are a kind of car-
bon skeleton consisting of aromatic molecule, are still an open question. Scanning 
tunneling microscopy (STM). is one of the newest tecniques to study 
three-dimensional structural pictures of surfaces of even individual atom~, with 
which this paper reveals the characters of these carbon materials, and this study is 
an exploratory one of the series studies. 

The samples were taken from the Jiodong group and the Jiling group in 
Shandong province and Inner Mongolia ·Autopomous region, degree of 
graphitization is ranges of 0.72 - 0.78 and 0.85 - 0.91 respectively. The experi­
ments use constant current mode with tunneling current 0.7nA,bias voltage lOmV 
and scanning speed 150 Hz in X direction, 0.1 Hz in Y direction,Z is the height of 
tip versus the S'can position (X, Y,). The topography of graphite were taken in air 
at ambient pressure, and resolve carbon atoms in the structure, the six hexagonal 

• 

ring can be seen clearly,in which six carbon atoms can be divided into two 
groups',three of them have darker grey scale, the others lighter grey scale. This can 
be accounted for by the stronger or weaker tunneling effect due to overlaping or no 

· overlaping carbons in the second layer of the graphitic structure. This is in agree­
ment with the result of theorical calculation.The images of graphite demonstrate 
that most of the hexagonal rings in graphite are nearly regular, though some of 
them are twisted or zigzag resulting in surface undulations of graphite. 

• . 

The images of kerogen shows that many aromatic carbon skeleton can be re-
solved,the details of which are being analysed and studied. 
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EXPERIMENTAL STUDY ON CHEMICAL BONDING OF MILLERITE 
• 

Zhu N aijue, Institute of Chemistry, Academia Sinica, Beijing 100080, PRC. Liang Li, Insti­

tute of Biophysics, Academia Sinica, Beijing 100080, PRC. Shi Nicheng, China University 

of Geosciences, Beijing 100083, PRC. 

Millerite is a well known metallic sulfide mineral. Its structure parameters are rather 

si•nple [1] [2]. only Ni and S two atoms. But its structural reason and the relationship be-
• 

tween structure and properties are still not clear after about sixty years from its structure 

was first deterrnined based on X-ray powder data . 

. 

The Ni in millerite is coordinated by five S atoms and two Ni atoms. The S polyhedron 

is a distorted tetragonal pyramid with three different distances (2.271, 2.283, 2.364 A). 
'I'hree Ni atoms are located a~ the comers of an equilateral triangle with distance of 

2.536 A. The S atom in millerite is also coordinated to five Ni ligands in the for1n of a dis-
• 

torted tetragonal pyramid. The unusual coodination number and distances in millerite were 

probably safe to assume there a~e some unusual bonding interaction. The millerite was re­

ported to be metallic and Pauli paramagnetic which has be due to the short Ni-Ni distance . 
• 

But it is difficult to explain how the weak metal-metal interaction leads to delocalization of 

electron throughout all the structure? 
• 

The experimental deformation electron density of millerite has been deter1nined from 

high resolution X-ray intensity data. It is defined as the difference between the total ob .. 

served density and the density corresponding to a super position of neutral, spherical atom 

and is sensitive to the redistribution of electron within the molecule as a results of chemical 

bonding[3]. 

The distances between nickel and sulphur (2.27-2.36 A) are too shorter than norrnal 

ionic bond length (2.53 A). These means millerite ~is-not a ionic compound. The deficiencies 

of electron density in the covalent regions between Ni and S atoms means there are no 

covalent interaction. So milletjte is also not a covalent compound. The distance between 

nucleus and lone pair electrons of Ni and S ih millerite are 0.80-0.97 and 0.85-1.01 A 

respectively. These distances are longer than 0.50 and 0.588 A 
observed and calculated previously for unb.onded lone pair electron of Ni and S. These 
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means millerite looks like a coordinate complex and the lone pair electrons of" Ni and Spar­

ticipate the coordination to S and Ni. So there are double coordinate bond between Ni 

and S. 
• 

The five fold coordination distribution is consistent with the expected dsp3 

hybridization at Ni. So the 4S 4Px 4Py 4Pz and 3dx2+y2 orbitals are bybridizat:d and are 

filled by lone pairs of sulphur atoms. Remaining 3dx;, 3dyz 3dzx and 3 .~z2 arc fill(~d liy eight 

3d electrons. The general electron distribution of t2g sho\vs fi ur formal 01·bital whi :h along 

the four threefold axis of the cube around centre ion as expected by w-ciss [4]. AL ording to 

the distribution of valence electrons in millerite, six 3d electron of dxy dyz and dzx at Ni oc­

cupy only three orbitals of above four orbitals. The empty orbital exactly points other Ni 

atom and be filled by its dz2 electron. So tltere is normal coordinate bond between Ni and 

Ni in millerite. 

Because the electrons of both Ni and S atom coordinate to each other and these elec­

trons are all move out from their nucleus. It means they are more delocalization than usual 
... 

case. The some metallic property of millerite may be caused by this delocalization of lone 

pair electrons of Ni and S. From the consideration of d electron configuration, millerite 

carries no net spin. The small value of paramagnetic susceptibility is may due to appreciable 

quantities of Fe and Co in millerite. 

We are grateful for research support from Science Fund of the Chinese Academy of 

Sciences and thank Prof. Philip C Gooddel (Department of Geological Science, The Uni­

versity of Texas) for providing some suitable millerite crystals . 
• 
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PROBLEMS IlI STRUCTURAL MINERALOGY SOLVED RECENTLY BY 
ELECTRON DIFFRACTION STRUCTURE P.NALYSIS 

A.P.Zhukh)..istov, B.B.Zyyagln, Institute of Ore Deposit 
Geology, Petrography, Mineraligy and Geoohemistry, 
USSR Academy of Sciences, .Moscow 109017, WSR 

. 

New important data in structural mineralogy have been 
obtained in the reoent years using highly-informative 
oblique-texture and single-ocystal rotation electron 
.diffraction. (ED) patterns. 

1. The problem of polytypism of palygorskites has 
been solved and variations in their aotual structural 
features have been revealed. The solution has been 
promoted by oombining the analysis of ED patterns? and 
the theoretioal derivation of structures and predio-
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tion of their diffraction properties. 
2. Peculiar ingomogeneous mica polytypes l1ave been 

found having either identical or differen~_parity of 
layer or±entations (symbols: 4M3•J135 ([2222]), JM2• 
5 61 ( [ 112 J ) ) • 

3. Mica having non-oentrosymmetrio layers (with va­
cant cis-ootahedra) have been found usually in asso­
ciation with oeritrosymn1etric-layer 1r.1.i08 (vdth vacant 
trans-ootahedra). 

4. The variations in kaolinite structure and latt1-
oe have been analysed depending on formation condi­
tions. 

ORIENTED GROvJTH OF CHRYSOTILE ON LIZA.RDITE ANO 
ANTIGORITE 

Gabor Papp, Eotvos Lorand University, Mineralogical 
Department, Budapest, Muzeum krt 4/a, Hungary, H-1088 

0 r · i en t e d gr ow t h o f c h r y so t i 1 e o n o t h er s er p e n t i n e 
minerals was revealed by transmission electron micro­
scopic investigation of replica and dispersed grounQ 
samples of serpentine materials (Papp, 1984). 

On the replica samples a triangular network composed 
of narrow stripes is outlined on a smooth surface. TEM 
study of the ground samples disclosed that the stripes 
correspond to hollow fibers of chrysotile, whereas the 
''base'' of the network is lizardi ta (in other cases 
antigorite). There is a significant difference between 
the two assemblages: chrysotile grows on lizardite in 
all the three directions of a regular triangle, while 
on antigorite it grows only in two directions. 

Selected area electron diffraction patterns showed 
that ct-Hll b~L or c~H II b!L- or ct_H II b~L (CH=chrysotile, 
L=lizardi te, b~23 =pseudohexagonaJ. tJW directions, see 
Fig. la). From'these relations and the characteristics 

" b;L ~ "b" CCh h2 2L 
• • • 

0 0 
• • • • 

0 0 ctf 
3 c • 

0 • 0 0 • • • 0 • " • 
~ • 

Q3L 
• 

0 0 

• • • • 
0 0 

1a • • ' 1b 

Fig.l. Idealized sketch of tha 
(a) chrysotile-lizardite, (b) 
assemblage. Abbreviations: see 
chrysotile reflections 
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of the cylindrical chrysotile lattice follows that if 
i-Je theoretically ''unroll'' a chrysotile tube of the net­
work the structural directions within the layers would 
correspond to those in the lizardi te ''basement''. In 
other words, the setting (direction) of the chrysot11e 
network is structurally controlled. 

In the case of antigorite [o1~* direction seems to 
be ''forbidden'' (Fig. lb, A=antigorite), i.e. chrysotile 
f ibers do not lie in the direction just perpendicular 
to the structural modulation. This observation corre­
spond ·to the results of Cressey (pers. comm., 1988) on 
the ''cubic serpentine'' f ram Ti 11 y Foster Mine, de­
scribed by Aumento, 1967. 

TEM investigation of ion-thinned samples revealed a 
peculiar ''sandwi tch-texture'' of the discussed assem­
blage. Lizardite (or antigorite) forms thin lamellae, a 
few tens of nm in thickness and exceeding l_Jtm in the 
direction parallel with the structural layers. Chryso­
tile tubes are ''sandwiched'' between the lizardi te 
( a n t i go r i t e ) 1 a me 11 a e . L i z a r d i t e ( a n t i g·o r i t e ) 1 am e 11 a e 
and ''layers'' of chrysotile tubes may many times 
alternate one above ·the other. 

Oriented growth of chrysotile on other serpentine 
minerals was observed in 9 samples so far. Chrysotile­
lizardi te assemblage was established in 7 samples of 
the origin as follows: 2 from serpentine veins, 2 from 
serpentinized carbonate rocks, 3 from serpentinite of 
pseudomorphic or transition type texture. Chrysotile­
antigorite assemblage was found in 2 samples, 1 from a 
serpentine vein and the other from serpentinized 
carbonate rock. The . number of observations is in­
sufficient for dra.wing statistical conclusions related 
to the occurrence of the discussed phenomenon. Never­
theless, ''non-pseudomorphous '' serpentinization (i.e. 
serpentine veins or serpentinized carbonate rocks) 
seems to be preferred environment for development of 
the oriented growth compared with the ''pseudomorphous'' 
serpentinization of ultrabasic rocks. 

References: 
Aummento, G.F. (1967): Am. Mineral., 5.2, 1399-1413. 
Papp, G. (1984): Diploma work (manuscript). Eotvas · L. 

University, Budapest. 
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KINETIC (OR CRYSTAL GROWTH) ASPECTS IN 
• 

• 

EAR TH AND PLANETARY SCIENCES 
• 

\)5 -~· 
. ADULARIA: TEXTURE AND STRUCTURE . 

Mizuhiko Akizuki and Koichi Muraoka, Institute of 
Mineralogy, Petrology, and Economic Geology, Faculty of 
Science, Tohoku· University, Sendai 980, Japan 
Introduction Adularia showing ''adularia ·form'' without 
(010) face represents characteristic internal textures 

between crossed polars. A transparent K-feldspar with 
Baveno twin from Alpine fissures shows large (010) 
faces, and is optically homogeneous. Bambauer and Laves 
(1960) interpreted the internal textures of adularia in 
terms af original growth as sanidines and later trans­
formation to microclines with different degree of Al/Si 
order. Akizuki and Sunagawa (1978), however, attempted 
to correlate the optical · properties, the internal 

' 

textures, and the growth features observed on the 
surface of crystal faces from Alpine mineral fissures 
and valencianite from epitherrnal veins, and the role of 
the growth process in Al,Si order-disoder was discussed. 
Observations Adularia from Obersubachtal, Austria 
studied shows a single crystal form with large (010) , 
(001) , {101} , and {110) faces. The surface rnicro­
topographs of crystal faces were studied by means of a 
reflection-type interference contrast microscope and 
SEM. Special thin sections were prepared in some cases 
parallel . to or perpendicular to the as-grown face so as 
to correlate growth surface features with internal 
textures as well as with optical properties. These 
sections were observed under the polarizing microscope 
with the universal stage to measure 2V values and 

• 

extinction angles. 
The (110) growth are characterized by the development 

of many stout prismatic, rhombohedral hillocks and the 
corrresponding {110} sector is optically triclinic, that 
is, the unit cell is triclinic. The {101) face consists 
of striations parallel to b axis, and the (101) section 
shows growth bands parall·el to b axis under crossed 
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polarizers. The {1 OT} sector is monoclinic. The {001) 
face shows growth hillocks with growth centers, and the 
{001) section consists of corresponding internal growth 
patterns. The sector is triclinic. The (010) face 
consists of fine growth features, which are observed by 
SEM. The {001) thin section, which was produced through 
near the· center of crystal, shows large {010} and {110} 
sectors. The {O 1 O} - sector consists of two kinds of 
domains, which are smaller towards the rim of crystal. 
The orientations of two domains are in a relation of 
albite twin. The {010} sector is triclinic as well. 

The optic axial plane is normal to (010) through the 
crystal and the 2V values correspond to those of low 
sanidine structure, not microcline, that is, the crystal 
is a triclinic disordered K-feldspar. 
Discussion The small {01 O} sectors are found inside 
valenciani te type adularia, which occurs as a gangue 
mineral in hydrothermal ore deposits, though the (010) 
face is not observed on the habit face (Akizuki and 
Sunagawa, 1978). The transparent K-feldspar with Baveno 
twin from Alpine fissures is optically homogeneous, .. \ 

though the rim shows fine growth bands in some 
specimens. The present specimens are single in the form, 
and show large {01 O) faces. The internal textures and 
optical properties are similar to those of adularia 
(valencianite) show~ng ''adularia form''. The crystal 
consists of triclinic disordered structure, and the 
internal textures were produced during crystal growth, 
not by a phase transition. 
References 
Akizuki, M. and Sunagawa, I. (1978) Study of the sector 

' 

structur~ in adularia by means of optical microscopy, 
• 

infra-red absorpt~on, and electron microscopy. Min. 
Mag., 42, 453-462. 

Bambauer, H.U. and Laves, F. (1960) Zurn Adularproblem. 
Schweiz. Mineral. Petrog. Mitt., 40, 177-205 

• 

HRTEM AND MICROCHEMICAL STUDY OF PHASES 
TRANSFORMATION BETWEEN Mn3+- Mn4+ OXIDES FROM LATERITIC 
PROFILES. 
M. Amouric*. S. Pare and D. Nahon - CRMCC, CNRS. Campus de 
Luminy, Case -913, 13288 Marseille, Cedex 9 - France. 
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Lat•itic manganif erous sequences, encountered in tropical and 
equat«ial countries, mainly conaist of manganese oxi-hy«oxides that 
can be exploited as ore deposit. 

· Through the sample of Moanda sequence (Gabon) choiced h•e, we 
repa1ed HRTEM. miaodiffraction and miaochemical examinations of 
unheated mixtlres . of manganite and pyroluaite with the main aims to 
ch .. acterize these two phases in g-eat• details and to gain a bett• 
understandng of the ~ocesses that are re aible for their 
1ransfa"mation (Am<>ll'ic et al.). So two ·ble ways •• cirectly 
evidenced in cu observations : 

• 

a) Pyrolusite (MnlV~) is cirectly obtained after manganite (MnllboH) 
• 

oxidation. The aystals of this secondwy pyrolusite are clefliy shown in 
slructural continuity with the ones of manganite through an iregulw and 
dffuse 1ransf ormation front, laterally and vertically. 
b) Pyrolusite may result from manganite by the way of an intermediate . 
and new 1ransitory phase (1f-Mnlll203 or Mn304). Such a pha~ is 
revealed for the first time in this sequence. 
These transf amations. which preserve the respective lattices strictly in 
the same aientation. occur through a topotactism mechanism. 
As for Mn50a (Rask and Buseck. 1986). our discovery of unex ed l-
Mn203 (or Mn304) transitory phase in unheated microtomed and ion­
milled natural samples is of particular interest. 
Higher in the sequence, transformations are ma-e complicated. Matrix 
(illite, kaolinite ... ) is destabilized and takes part in different reactions. 
Referenc11 : 
Amouric M., Pare S. and Nahon D. (1990). HRTEM study of manganese 
oxihyct-oxides phase transition in lateritic profile. Am. Miner (submitted). 
Rask J.M. and Buseck P.R (1986). Topotactiaelation among pyrolusite, 
manganite and Mn5o8 : a HRTEM investigation. Am. Min•. 71, 805-814. 

5. WHISKER GROWTH OF MINERALS 

I. K. Bonev, Geological Institute, Bulgarian Academy of Sciences, 
1113 Sofia, Bulgaria · 

Natural w~kers, ribbon-like and thin platy cry~tals have considerably larger 
surface area and surface energy as comp to the equilibri111n crystal 
shapes, which suggests . th under highly non-equilibrium conditions. 

The morphological anisometry of whiskers in substances of axial struc­
tu1ae is to a certain degree struct111·aJJy predetermined. However, su 
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of isometric or pseudoisometric structures, and of planar struct11rea as well, 
a•e also known to fo1m whiskers. In these cases controlling factors are un­
doubtedly the special conditions and kinetics of crystallization. 

There is a diversity of opinions conce1211ing the mechanis1ns of whisker 
growth especially in natural whiskers and similar anisometric forms that 
most co1nmonly grow from solutions. The VLS processes in vapour phase, 
well known from laboratory practice, have restricted occurrence in nature 
(e.g. during coal-fires). In turn, the spiral-dislocation mechanism, regarded 
as more or less universally valid, raises serious objections. The detailed 

• 

study of a variety of natural whiskers of many minerals with the aid of mod-
em electron microscopic (SEM, TEM, HVEM) and other methods has not 
confi.121ned the axiomatic prerequisites of the dislocation hypothesis. Indeed: 

• 

1. Whisker side faces are not perfectly smooth as postulated, they show 
various steps, striations, grooves, hillocks, etc. Having n11merous re-entrant__ 
angles, these surface irregularities and steps are potential, but not actively 
operating layer sources. ~ 

2. In many cases, thin whiskers do not contain the postulated axial 
dislocations, either.· Yet, reniaining highly perfect themselves, some thicker 
whiskers, ribbons and platelets include volume defects such as axial channels 
(not connected with dislocations), etc. . 

. 

3. Whisker terminals often have py12a1aidal shape, bounded by oblique, 
rapidly ing faces. Frontal transverse faces with single or double dislo-

• 

cations are not to be observed. · 
Thus, the real external and internal structure of the highly anisometric 

crystals is incompatible with the model of dislocation g12owth at low super­
satu11ation and suggests that whiskers and thin platelets, like the skeletal 
crystals, by 2D-nucleation in diffusion-limited regime. The base of 

· growing whiskers is any projection on the substrate or it is formed in con­
sequence of the morphological instability of crystal faces. The small cross 
section of the individual whiskers promotes their rapid growth towards the 
medi11m of high supersatu1·ation, while the lateral faces remain in an ex-
hausted environment. The secondary thickenning can be realized only if the 
supersaturation 12cstores by diffusion at a later moment. Impurities raise the 
diffusional resistance of the medium. · 
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Different variants of this general model of whisker growth are realized 
in nature, e.g.: base growth on a porous substrate through supersaturation 
increasing by evaporation; base growth a.9 the result of surface migration; 
growth from the tip by solution t1·ansport in a surface capillary film, or 
through an axial channel; growth from stagnant highly supersat1112ated so­
lutions in a cl space; g1aowth in gels; growth following tic P, T and 
C changes (after seismotectonic shoks, mixing of solutions of different com­
positions and temperat11res, etc.); "LLS" growth in solutions through an 
i1nmiscible melt droplet; metasomatic growth in crystal solid medium by 
intermediation of solutions, etc. 

• 

54~0 ZONING OFPORPIIYROBLAST RALS AS AN 

• 

INDICATOR OF GRO -RA TE LAWS 
William D. Carlson, Depar'Unent of Geological Sciences, University of Texas at 
Austin, Austin TX 78731-7909 USA 

Rates of porphyroblast growth 1nay be controlled by: (1) the kinetics of dissolution 
I reprecipitation reactions on 111ineral surf aces, required to break down unstable 
precursor minerals and to enlarge crystals of stable minerals; (2) the kinetics of 
intergranular diffusion, required to transport material from precursors to the 
growing porphyroblasts; or (3) the kinetics of heat transport, reqtiired to supply the 
energy to drive endothermic prograde metamorphic reactions. Although a 
~etamorphic reaction may progress through stages in which each of these kinetic 
controls operates in tu111 (Fisher, 1978, Geochim Cosmochim Acta 42:1035), the 
predominant control on growth kinetics can be identified by examination of the 
compositional profiles of chemically zoned porphyroblasts. An application of the 
technique to gar·11et porphyroblasts in arnphibolite-facies pelitic rocks of the Picuris 
Mountains, New Mexico, USA is presented here. A complete description of the 
technique may be found in Carlson (1989, ContribMineralPetrol 103:1). 

Kretz (1974, Lithos 7:123) described a method for testing the predictions of a 
specified growth-rate law against observed zoning patterns. Kretz's ''no1111alized 
radius-rate diagrar11'' is constructed by deter111ining: (1) the nonnalized radius (c*), 
that is, the radius at which the 1nidpoint of a chosen nar1ow compositional interval 
appears in a crystal, divided by the radius at which the midpoint of the sa1ne 
compositional interval appears in the largest crystal in a specimen; and (2) the 
normalized rate of growth (C*), approximated by the iadial width of the chosen 
compositional interval in a crystal, divided by the radial width of the same 
compositional interval in the largest crystal in the specimen. Any growth-rate law 
specifying the radius of a porphyroblast as a function of time constitutes a function 
for the no1malized radius-rate relationship of the fo1111 c* = fcn(C*). If the chosen 
growth-rate law applies to the specimen being analyzed, then measured pairs of c* 
and C* should plot along the -curve c* = fcn(C*) detennined for that growth-rate 
law. 
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In a surf ace-controlled process, the radial growth rate is constant and therefore 
independent of radius; thus c* is unity, independent of C* (sa·aight line in figure). 
In an isothermal diffusion-controlled process, the normalized radius-rate 
relationship has the fo1·1n c* = l/C* (curved line in figure). In a heat-flow­
controlled process in which energy is supplied to the rock at a constant rate, the 
no11nalized radius-rate relationship has the fo1n1 c* = l/(C*·C*), which would plot 
as a steep curve to the left and above the curved line in the figure. 

In 11 sa1nples from the Picuris Range, in each of which zoning was measured in 
four to six gar11et crystals, none of the above nor1nalized radius-rate relations 
matched the measured zoning profiles. Instead, the measured radius-rate relations 
define curves that are roughly parallel to the isothe1·1nal diffusion-controlled curve, 
but that are displaced from it downward and to the right. From this, the hypothesis 
arose that the measured relations might be explained by a diffusion-controlled 
growth-rate law that accounts for the acceleration of diffusion produced by 
increasing temperan11-e during a pro e crystallization event. 

When the effects of increasing temperature are considered, it becomes evident that 
the norrnalized radius-rate relationship must be different in fo11n (1) for crystals 
nucleating at different points in the ther1nal history' and (2) for crystals that 
experience different amounts of heating during their growth. The first factor is 
accommodated by including in the expression for the radius-rate relationship a 
variable ti, which represents the fraction of time elapsed during the nucleation 
interval before the ith crystal nucleated. This can be computed from the radius of 
the ith crystal and the rate law for thermally accelerated, diffusion-controlled 
growth. -The second factor is accommodated by including a variable y, which 
incorporates the heating rate and the activation energy for-intergranular diffusion. 
This is treated as an unknown pa•'3•neter to be evaluated by fitting the equation for 
the radius-rate relationship to the relations measured in the nan1ral sa111ple. 

The figure below illustrates the close correspondence between the radius-rate 
relationship predicted for ·the1·n1ally accelerated, diffusion-controlled growth and 
the measured radius-rate relations in three garnets from one of the sa111ples from the 
Picuris Range. The agreement seen in the figure is taken as evidence that the 
dominant kinetic control on the growth of these garnets was the rate of 

. intergranular diffusion. That inference is confutned in these rocks by additional 
evidence from spatial dispositions of porphyroblasts and their crystal size 
frequency distributions (Carlson, 1989, ibid.). 
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UNUSUAL FOIDJI OF USUAL MARCASITE TWINS • 
E.V.Galuskin,N.I.Fris ,IGEM,Academy of sciences of 
th.e USSR,Mosoow ,Staromonetny 35; 109017 USSR. 

, 

It is well know growth effects connected with a twin 
crystals such as 1) a crystallization of large twin 
crystals on a background of small single crystals;2) 
a fonnation of twinned plates in cubic and other crys­
tal sistems;3)a capture of alien inclusions alon a 
twin seam,which depended from existence of two-sided 
incoming corner and so on.The incoming corners are ab-

a 

d 

. sent in usual twins 
~ b c of marcasite alon 

e f 

(101)(fig.a).A mar~ 
casite from brown 
ooal of Angren(Us­
bekistan) occur 
mainly in ''speare''-­
type twins(fig.a), 
fiveling(fig.0) 1 
sceletal form with 
the beams in twin 
orientation under 
75°<J.eaf•1-type ,fig. 
b).Pyrite epitaxial 
growth on maroasite 

m - {~-to} ; ~ - { ~()'\} twins of '' speare'' 
ore ·''leaf•• -type ne_ar twinning seam lead to cross-form 
of profile(Makagonov and llio·androw, 1984)(fig.-d). 
Unusual twins with cross~form section(without pyrite) 

are found in lower part of coal thickness on the bor.­
der with with ·clay.The twins are presented in form of 
''speare'' and ''leaf''-type(fig.e).They have fine,notched, 
plating growth sceletal along twin seam.The plates w 
wtich are oriented normally to the twin plane are not 
in the twin position, but scel.etal formation oblated on 
(101),(110),(111) and microfase of the zone of prism. 
A study of twin seam regionv show that fine polysin­
thetic twinnjng of marcasite take place there whereas 
the individes in twin are singl crystals.A forination 
of unusual £orin of the usual twins alo~ (101) is due 
to ·,. the large number of two-sided incoming corners ac-

• 
• 

• • 

. ' 
• • 

• , . .. • 
• --

t 

• 

• 
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companing polysinthetic twinn1,ng.Appearanoe of the 
two-sided incoming corners stimulite the marcasite the 
sceletal-plates growth along twin plane and lead to 
forn1ing of the sceletal plates.The same sceletal gro­
wth for.tns on the fiveling lead to the peculiar face 
(fig.f).Crystal growth in solid state(ooal,olay) in­
tensities an anisotropy of the groth speed for the 
crystal faces. 

We show he·re on the macrolevel the role of twin bor­
ders as a special region with certain affinities. A 
study of the twin seam region allow are not only re~ 
ceive the new characteristics of matter,but also help 
to explain many natural fenomena and to reach a new 
level in crystal synthesis. 

REFERENCE 
E.P.Makagonov,s.N.Nioandrow Polymorphic twin epitaxy 
of pyrite with maroasite.In: Ontogenegy of minerals 
in practice geological working.Sverdlovsk,1984(Russian) 
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ON THE r:10SbBAUER SPECTROf1ETRY OF ORDER F.e Ni ?HASE IN 

• 

THE CHONDRITE METEORITE OCCURING IN SUIZHOU 

.GE Yingya, 

HUA Xin, 
REN Yingxin, Department of Geology, 

MA Yiian, Test & Resear~h Q~ntr~, China 
University of Geosc~ences< Wuhan ), Wuhan, Hubei, 

. 

4300?4, People's Republic of China 

Using Danon, et al's methed (1), the ·order FeNi 
phase has been abstracted from . th~ Fe-Ni alloy in the 
chondrite meteorite from Suizhou. Through tpe ener-

• 

getic spectrometry, it is known that the FeNi phase 
contains Ni about 50%. According to the DC/AT Moss­
bauer spectrometry, the FeNi phase is separated into 
two phases again. One is the high order FeNi phase 
and its Hi ( magnetic hyperfine field ) is 286 KG and 
QS ( electric quadrupole shift ) is 0. ~t, mms·~ The 

other is the low order FeNi phase and its Hi is 311 KG 
and QS is 0.02 mms~ This phenomenon of high and low 

• 

order phases in the same meteorite was not reported 
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before. According to the different order degree, 
by lash we may infer that the meteorite was heated 

after it cooled under 593 K. 
• 

. .. 

Reference: 

1. 

Fig. 

bauer spectrum 
of the order 
F~Ni phase in 

• · the chondri te 
meteorite from 
Suizhou. 
a. High order 
FeNi phase spe­
ctrum, 
b. Low order 
FeNi . -phase spe­
ctrum. 
c. Disorder 
Fe-Ni alloy 
phase 
( Ni 
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investigation of nu~leation process~s in gel. 
L.L.Goshka,V.P.Ruzov;Departmen~ of physics, 
Syktyvkar State University , 
~67001,Syktyvkar,USSR 

• 

The processes of the nu~leation of calcium 
tartrate crystals are described in this paper. 
The chosen experiment c~l •n.etr;od for r1uc i eat ion 
control is the changing of the acidity of 
gei-n1edia,by pr·oton implarttation. 

...... .. - - .. .. . ... tne exper1menta! resut~s can oe summea up as .. - .. 
~Ol l O~)S: 

... - . .. ... -· - .. .. .... 
iJ oecreas1ng o~ ~ne pN va1ue o~ crys~a1~oge-
netic media by implantation of protons leads 
to nuc.:1 eati on SL\ppressi on a11d crystals arise 

• 
"' "" .. .. - a. " - .. • - .._ in ge1 only at some aep~n Trom cne ge1-so1u-
.. .. . - , _. .. ... 
~ion oounuar·y \bJ: 

-'f z. . . -. •. 
b = a· tpHJ + 0 

wi~er e a, o - c.:or1s1:.ani: parame·C:ers; 

2i decreasing of the 
leads to decreasina 

.. • - - .. f ... • pH va1ue ot cne 1neo1a 

-
(N)in ·the apper layer 

t.rte 11uc: i eus tiensi t y 
of cry·:itals ,but ti1e · 

meari mass of one crystal in tt1e test-tube 
-increases: 

N r:: ~{ " i: pH) T' fi:Jfr 
where k,N0 - constant 

. - . 
\.a! J 

• paramet:.ers; 

• 

• 

• 3) coordir1ate of the .crystal boundary 
depends <G) on implantation time <T) 

l tl geJ. 
• ana Ofl 

• 

tt1e: f1}ol ar i t.·v 
• 

... - - .. - .... .... . ' 
o~ ma~erna1 ca1c1un1 cn1or1oe 

solution: the higher ti1e moiari ·ty is, tne 
... • .... a. • • • .. ~ . -aeeper is ~ne ~irs~ 1ayer o~ crys~a1s . . .. .. ar1s1ng in ge.t: 

• 

- '2. 
l:j = d 1· ...... . p 

here d,p - constant parameters; 
• 

4) c:oorciir.ate 
i n t i 111e: i t 

ofnucleation boundary .. 
moves to the Qel 

• varies 
solLtt1n -• oounoary; 

s; the time of the arisina of the first -crystal (~)depends on the implantation ~ime 
<T>, but not on the maternal solution 
molarity: 

• 

• • \, = r1 T -t- t. 
• • ~ -wnere n,t: - cons't.ant: paramet:ers; 

. The theoretical discription of 
needs the assumption of the 
condition . in the form: 
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:'equivalence 



. . 

pM - pA 
' .. - .. •, ::. } 

p1~1 ..- pA 

. 
wr1ere '( - mooel . parameter: 

• • 

i1,A - concentrations of crystal-forming reagent .. 

-· ·- . - .. - . . .. .. ..-.... . .. ..... tr1e ··equ1va.ienc:e c.ono1t.1on•a \::,J in SLtcn a 'torm 
.. . .. . . ' - ... is no~ so strong as proposeo oy Men1scr1, Decause 
of logarithmic scale, ano it .. - . concen·trat.i 01·1 of 
di -t fer verv t1i\.tch • 

c:ryst:a . .1. -~ or1n1 no -
• 

Reference 

• .. ,Ill .... !O ... _. ,. .,,.._ .. ~ ·-Hen1scn H.~.,b~rs1a-Ku1z ~.M.: 
J.Crystal Gr.75~203,(1966} • 

- • • t ,, 

rr:eans t:na't. t:ne 
. - . reaaen"t.s can · -c. -

HREN OBSERVATIONS OF ULTRAS'fRUCTURES IN CLI.NO·LlNJTATITES AND G.P. 
· ZONES IN ORirHOPYROX.ENES 

Huang Wankang, Institute of Geochemistry, Academia Sinica, Box 1131 
Wushan, Guangzhou,P.R.C.,Wang Yanguo~ Institute of Metal Research 
Academia Sinica, Kang Zhenchuan, Institute of Metallurgy,Beijing 
and T. Sa.meshima, University of Shizuoka,Shizuoka, Japan. 

' 

The clinoenstatite occurred in boninite from N6poui, New Caled­
onia. Tvo groups of elect.ron diffraction dots in clinoenstati te 
appear under HR.&"N , they indicate the matrix and the twin respec­
tively. Its high magnification structure image shows that the two 
variances t 1 and t are related in (100) mirror reflection. More­
over, there are pofymorphic transformations of orthopy xenes and 
clinoenstatite, which are exhibited by 1 >tor 2Xa (18.2) of ortho­
enstatites appearing in CLEN field. gn the elect~n diffractogram 
of GLEN, the faint strikings along a axis imply that the polymor­
phic transformation is not very frequent. 

This low-temperature clinoenstatite (CLI!ll P21/c) could be , 
formed by inversion of protoenstatite and orthoenstatite as well as 
high-temperature clinoenstatite{C2/c). Based on the experiments and 
the fact that the natural Cape Vogel clinoenstatite was inverted 
into protoenstatite by heating at 1100°.c for 3 hours, T. Sameshima 
suggested that the CL~ phenocrysts in New Caledonia were formed 
by inversion from protoenstatites. 

In nature clinoenstatites only occur iµ boninite and meteorite. 
The CL:EN in Qinzhen meteorite is believed to be formed by conver­
sion of protoen·stati te as well, blit i ·t, .tJOssesses different ultra­
structure features. For instance, there are a lot of add number of 
polymorJ)hic GLEN cell in OREN and 27~ long-peri_od structure appeared 

· by one unit-cell of GLEN and OREN . al ternati11g frequently. The dif­
ferent ul trastructures of CLEN in Qin-gzhen meteorite and bonini te 
may be produced by. the transformation of protoenstatite in varying 
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• 

conditiono The boninite, for example, had been suggested to be 
formed in adiabatic melting condition with high temperature and 
pressure and had experienced a high rate of cooling during its 
extrusion, while the cooling rate of celestial body is very low 
(n°c/M.Y.). Nevertheless, only a thorough investigation could 
finally rule out the posibility that the GLEN in boninite may be 
version from the high-temperature clinoenstatite. 

low 

• in-

The Guinier-Preston zones in two bronzites have been investi­
gated. The sample M-108 is collectea frpm a mela-gabbro instrusion 

• 

and the another N-14 is separated from a gabbro xenolith in alkali 
basalt. 

Electron micrograph of sample M-108 shows higher number of G.P. 
zones with one unit-cell thick, while in sample N-14 the G.P. zones 
are two unit-cell thick. It means that multiple unit-cell thick 
of G.P. zones could appear in earth and in a Fe-rich orthopyro­
xene(N-14 : ~2• 2Fs25 • 7wo2• 1 ). 

• 

For counting the density of G.P. zones s~mi-quantitively, a 
statistical method has been proposed. The statistical results of 
five samples show that they are not influenced by the magnifigation 
of structure image. Moreover, both the line density and the area 
density represent the characteristics of G.P. zones. According to 
the samples from N-14, M-108, Ramble and Webster, there is a posi­
tive correlation between the Wo contents of orthopyroxenes and the 
densities of G.P. zones. It seems that the densities of G.P. zones 
have some relation with the Ca contents of orthopyroxenes. 

This project was supported by l'Iational t~atural Sci ence Foundation 
of China. 

GENERATION OF BRAZIL TWINS IN IIYDROTHER~iAL QUARTZ AND 5 V 
AMETHYST AND MICROTEXTURES ORIGINATED THEREFROM ~ J ~ 

Lu Taijing#l and I. Sunagawa#2, Faculty 
Tohoku University, Aramaki, Aoba, Sendai, 

of 
980 

• 

Sciences, 
Japan 

Present address: #1 Physics Department, Gakushuin 
University, Mejiro, Toshima-ku, Tokyo, 171 Japan 
#2 Kashiwa-cho 3-54-2, Tachikawa, Tokyo, 190 Japan 

Brazil twins are most commonly encountered in 
amethyst crystals of geode origin, and quartz crystals 
of epithermal origin, and practically absent in quartz 
crystals of high temperature origin. D11e to the 

• 

presence of numerous Brazil twin larnelle, various 
micro-textures, including Brewster fringes, appear in 
these crystals. Optical microscopic investigations have 
been made on Brazil twins and micro-textures therefrom, 
observed in both natural and synthetic amethysts and 

• 
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natural vein quartz of epithermal origins to understand 
how . and under what conditions Brazil twins are 
generated and how yarious micro-textures appear . 

• 

· · Based on the observations on synthetic amethyst, 
it was concluded t .hat the generation of Brazil twins is 
triggered by the precipitation of solid inclusions 
(goethite) and · the associated strain fields, which 

• 

occurs on the ·growing surface due to fluctuation of 
growth parameters. Precipitation of polymerized 
embryonic particles of silica on the surface of solid 
.inclusions precipitated on the growing 
rhombohedral surf ace is considered to be respoonsible 
fo~ the . generation of Brazil twins. Brazil twin 
b~undaries are always parallel to the neighbouring 
crystallographically equivalent rhombohedral faces, but 
never to the growing surface. This is explained in 
terms of .boundary structure. 

When growth conditions are stabilized after the 
g~neration of Brazil twir1 lamellae, Brewster fringes 
appear. On the contrary, if perturbation took place in 
growth parameters, alternating band structures with and 
without Brazil twins, or fibrous textures appear . 

... 

DENSITY AND COMPOSITIONS OF PLAGIOCLASES BETWEEN METEORITES 
AND IMPACT CRATERS 

• 

• 

Yasunori Miura; Department of Mineralogical Sciences, 
Yamaguchi University, Yamaguchi, 753, Japan. 

Chemical compositions and calculated densities of 
various plagioclases are very important to investigate 
(a) atomic substitution of the crystal structure, and 
(b) useful indicator of formation process of temperature­
dependent (in igneous origin) or pressure-dependent (in 
impact origin) [cf. 1-5]. 

Main purpose of the present study are (1) investiga­
tions of compositions (esp. An-content and mafic content) 
and calculated density of plagioclase (-like) phases in · 

· chondritic and achondritic meteorites, (2) detailed study 
of terrestrial impact craters from the center to the rim, 

• 

and (3) estimation of probable supplied sites of terrestrial 
and extraterrestrial fragmental rocks from these physical 
and chemical data. · 

Calculated density and compositions of plagioclases · 
have been obtained by single ·crystal X-ray diffractometer 
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and electron microprobe analyzer, which are summarized as 
follows. 
1) Densities of plagioclases from the Manicouagan impact 
crater are changed from lower (2.57 in center) to normal 
(2.70 in rim). 
2) Zagami ·sNC and eucritic achondrites contain higher 
density plagioclases which are largely different with 
terrestrial and lunar plagioclases. 
3) Maf ic content (=MgO+FeO) can be applied as useful 
indicator of formation process; that is, (a) about 3 times 
the mafic content of higher temperature-dependent plagio­
clases of volcanic origin than slow-cooled terrestrial 
plutonic origin, and (b) 20 times the mafic content in 
pressure-dependent plagioclase from melt rocks at rim of 
the Manicouagan impact crater, compared with slower cooled 
rocks at the central peak. 
4) From computer analyses of the compositions, terrestrial · 
and lunar plagioclases show mainly lower density with minor 
foreign elements (Fe·Mg) and insuffj_cient amounts of Na·Ca· 
.K ions. 

• 

5) Eucritic piagioclases reveal higher density with much 
more foreign elements (Fe·Mg) with complicated variation of 
ratio Al/Si. 
6) Higher density of meteoritic plagioclases suggests 
different formation process of achondritic meteorites; 
that is, (a) different source-origins (i.e. different 
mixing process and chemical evolution on the parent-body, 
such as asteroids), and/or (b) different crystallization 
condition after impact events (i.e. relatively rapid­
cooling after insufficient mixing with mafic minerals). 
7) Density and mafic content of various plagioclases 
can be applied to as powerful indicator of the formation 
processes and formed impact sites, and different origins 
among terrestrial, lunar and meteoritic materials. 

The present research is in part supported by the Grant­
in-Aid for Scientific Research on Priority Areas (Origin of 
the Solar System) ofthe Japanese Ministry of Ed., Science 
and Culture (01611005) of the author. We thanks Ors. B. 
Mason and R. Grieve for sample preparation and valuable 
comments. 
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STRUCTURE AND PROPER'l'IES OF MODEL MAGMATIC 
LIQUIDS 

Mysen, Bjorn 0., Geophysical Laboratory, 2801 Upton St., N.W., 
Washington, D.C., 20008, USA 

The structure of silicate liquids at high temperature and high 
pressure, and relationships between their structure and properties are 
necessary to characterize natural magmatic processes. Bulle composi- . 
tions between depolymerized (nonbridging oxygen per silicon; NBO/ 
Si > 0) alkali or alkaline earth silicates and fully polymerized (NBO!Si 
= 0) silica - aluminates represent the structural environment of natural -
magn1atic liquids. Their AV(Al + Si) typically is between 0.2 and 0.3. 
Alkali metals are the principal cations for charge-balance of tetrahe­
drally-coordinated Al3• at 1 atmosphere. The principal network-modi­
fying cations are Ca and Mg (Mysen, 1988). Silicate melts in this com­
position range consist of coexisting structural units characterized by 
their average number of nonbridging oxygen per tetrahedrally-conrdi­
nated cations (NBOtn equal tq 0 (T02, or Q4-species), 1( T20 5, or Q3-

species), and 2 (T0
3

, or Q2-species; see, for example, Virgo et al., 
1980). The equilibrium.in such melts is described with the equation; 

TO (2Q3)<:=>TO (Q2)+TO (Q4) (1) = 0.5. Substitution of charge-balanced 
2 5 3 2 

' Al3+ for Si4+ results in a systematic low~ 
where T = Al + Si. The Q4, Q3 and Qz ering of the abundance of T20 5 units 
notations are sometimes used in place together with a concomitant in-
of the stoichiometric designations. The crease in the more polymerized 
superscript in the Q-notation denotes unit, T02 and the less polymer­
the number of bridging oxygen in the 
unit. all degree o polymerization of 

. Physical and chemical properties of . themeltsremainsconstant(NBO/ 
natural magmas depend on the proper- T = 0.5) in this process. Thus, 
ties, detailed structure,. and proportions qualitatively, increasing AV(Al 
of these individual structural units. In + Si) shifts equation (1) to the 
order to provide a structural framework right. It is notable, however, that 
for quantitative characterization of the even in the absence of Al3

• the 
properties of natural magma, it is neces- larger the ionization potential of 
sary to characterize the relationships thenetwork-modifyingcation(Li 
between pressure, temperature, and the > Na > K), the mol fractions, . 
compositional variables. For this pur.. X(T02) and X(TQ3), are greater, 
pose,Rarnanspectroscopyhasbeenused and the X(T20 5) is smaller. This 
to deterntlne the abundances of individ- observation accords with results 
ual structural units in the quenched melts. from 29Si spectroscopy of 
All compositions in this study are on the analogous melt compositions 

(Stebbins, 1987). 
andLi; denotedKS4- KA , NS4-NA4 The distribution of structural 
and LS4 - LA4), with, therefore, NBO/T units as a function of AV(Al +Si) -
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FIG. 2. Mol fraction of structural units in 
Si40 2 : (KA1)40 9 meltsasafunction 

o Al/(Al + i) at the pressures indicatedo 

follows the same general trends at high pressure (Fig. 2) as at 1 bar (Fig. 
1) at least for the potassium tetra-aluminosilicate quenched melts. 
Qualitatively, from the abundance information in Fig. 2, at a given AV 
(Al + Si), the X(T20 5) tends to be lower at higher pressure, thus 
indicating a shift of equation (1) to the right. The equilibrium constant 
for reaction (1) is positively correlated with temperature yielding Ml 
- 30 KJ/mol and L1S - 5 J/mol K. 

Under the assumption of ideal mixing of the structural units, the 
free energy of reaction (1) at 273K has been calculated (Fig. 3). The 
L1Gm decreases with increasing AV(Al + Si) at constant pressure. 
Increasing pressure generally results in a further decrease in AG. The 
pressure effect on AG for reaction ( 1) is further enhanced as a function 
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of increasing aluminum content. Consequently, as suggested from den­
sity measurements on fully polymerized (NBO!T = 0) alkali aluminos­
ilicate melts (e.g., Kushiro, 1980), depolymerized (NBOIT> 0) alumi­
nosilicate melts become increasingly compressible as Al3

• is substi­
tuted for Si4+ at least for the potassium tetra-aluminosilicate composi-
tions. . 

It is suggested that the compressibility of the individual coexisting 
units in melts govern the influence of pressure on reaction (1). Among 
the coexisting units in tetrasilicate and tetra-aluminosilicate melts, the 
T0

2 
structure is much more compressible than either the T20 5 or the 

T03• These compressibility relations have two consequences. First, be­
cause (av1aP)T < 0 even for Al-free silicate melts, equation (1) shifts to 
the right. Second, by substituting charge-balanced Al3+ for Si4

•, the 
X(T0

2
) increases, thus increasing the bulk compressibility. Further­

more, the AV(Al + Si) in the T0
2 

units increases. This increase 
lengthens the (Si,Al)-0 bridging bonds, and the a(T02) becomes 
smaller (a= T - 0 - Tangle) more compressible. All these factors serve 
to enhance the bulk melt compressibility. Thus, the observed enhance­
ment of bulk melt compressibility with increasing Al/(Al + Si) would 
be expected. 

The pressure-composition relationships provides a rationale to 
understand the behavior of natural magmatic liquids under pressure. (i) 
Magmatic liquids become more polymerized with increasing silica, or 
alumina, or both. Thus, the relative abundance ofT02 units in the melts 
increases. As a result, the molar volume and the melt compressibility 
of magmatic liquids increase in the order komatiite < basalt < andesite 
< rhyolite. (ii) For basaltic melts, high-aluminum basalt is more 
compressible than tholeiite even though their NBO!T are practically the 
same (Mysen, 1988). This behavior is the res~lt of the higher Al/(Al + 
Si) in the high-alumina basalt as compared with tholeiite. This higher 
Al/(Al + Si) shifts reaction (1) to the right thus enhancing the melt 
compressibility. (iii) The bulk composition of alkali basalt and tholeiite 
differs principally in the values of the average ionization potential (Z/ 
r) of the charge-balancing metal cations. The (Zlr) . t.sait < (Zlr)thD1 .. 

with the result that L1G of reaction ( 1) for alkali basaitis smaller (mor~ 
negative) Implying greater compressibility. Relationships similar to (i­
iii) would also be expected for all other melt properties that depend on 
the abundance and character of bridging oxygen bonds in T0

2 
units in 

the magmatic liquids. 
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INFLU.E!NCE OF MASSTRANSPORT CONDITIONS ON CRYSTAL 
GROWTH KINJ5TICS 
Rakin V.I., Institute of Geology, Komi Scientific 
Centre of the Ural Department of the USSR Academy 
of Sciences, Syktyvkar, 167610, USSR 
A growth rate - is a sensitive para.meter of the crys­
tallisation process. Growth rates, boundary layer pa­
rameters and points of saturation of alumjniu.m - po­
tassium sulphate solution were measured by holograp­
hic, schlieren and interferometric methods. Combined 
schlieren - interferometer was used for precision 
measurement of face growth rate (Fig.1.) • .At the be­
ginning of the experiment the point of saturation was 
measured by observing the boundary layer. Gradient of 
the refractive index changes the own sign during the 
decreasing of the temperature. In the point of satu­
ration gradient in average is equal zero. Round ab­

LASeR t-~ 
0.5 M 

sorptive diaphragm of the 
M . schlieren system (Fig.1.) 

Sc L c 

well visualizes this stage. 
In the course of the process 

........... L boundary layer wi9,th demon­

----

s 
...,.._.,- ~ --- M 

• 

strates weak dependence from 
supersaturation, while con­
centration change j,n the bo­
undary layer has not trivial 
dependence (Fig.2.). Bounda­
ry layers near the faces 
(OOI),(III),(OII) . show sjmj­
lar properties with deviati­
on of ·concentration about · Fig .1 • · 

o.5x10-3g/cm3. Max1mt1m in the curve indicates the 
change of the boundary layer structure, However Rey­
nolds number of the boundary flow is smaller then one 
that corresponds to lam1nar stream. Transition to the 
oscillations in the boundary2laye comes at the su­
persat1Jration about 1·.5x10- g/cm (0 :11%). · 
Growth kinetics data are presented in figure 3. All 
curv s change their behaviour begjnning from o.?x1o-2 
g/ cm ( 6 =5%) • Masstrabnsport through bot1ndary layer 
calculated by means of diffusion coefficient (3.2x 

• 
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10-6cm2/s) and concentra~ional gradient is smaller 
than 1.5 of measured growth rate at the high super-

. saturations. Hence it may be p·roposed that mechanism 
of ''convective diffusion'' determines masstransport 
at supersaturation higher than 5%, that corresponds 
to kinetics stage of crystal growth. 
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Faces lOII} and loo11 remain in the cry~tal shape in 
the ranges of supersaturation less than 5 and 8 per 
cent respectively, as it follows from k]netics cur­
ves (Fig.3.) and geometric calculations. 
Thus morphological analysis allows to restore growth 
conditions of the crystal, and masstransport conditi­
ons in the solutions have been deter111jned exactly by 
means of behaviot1r of the boundary layer and growth 
kinetics data. · 

• 

15.1.\J GROWTH MARKS OF MINERALS BY X-RAY TOPOGRAPHY 
Eugenio Scandale, Dipartimento Geomineralogico, Universita di Bari­
Campus, 70124 Bari, Italy 

-Giorgio Graziani and Sergio Lu:~hesi, Dipartimento di Scienze della 
Terra, Universita di Roma, Piazzale A. Moro, 00100 Roma, Italy 

The study of growth defects by X-ray topography lead to intere­
sting hypotheses concerning the growth history of minerals. In par­
ticular recent results on hydrothermal quartz druses of different 
proveniences indicated that minerals grown in the same conditions 
are characterized by the same structural defects (1,2), so defects 
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can be considered growth marks, characterizing and differentiating 
the various druses and consequently the various geological growth 
environments. • 

The logical development of this type of studies was to verify the 
possibility of extension of the growth mark concept to other mine­
rals and to other geological growth environments. Therefore beryl 
crystals from pegmatites have been studied: topographs showed quite 
perfect crystals characterized by the absence of dislocations and 
by growth bands (3). Observations, taken as a whole, indicate that 
structural defects of the examined crystals from pegmatite can be 
considered growth marks, as for quartz from hydrothermal druses. In 
particular the absence of basal dislocations, that are common in 
hydrothermal beryl crystals (4,5), can be considered characteristic 
feature of the growth environment. 
In this paper will be discussed the case of an ''horse-shoe'' beryl 

• 

from a brasilian pegmatite (6) in which channels parallel to the c -
axis resulted the dominating defects and only· a few dislocation 
fans ·were observed in the latest crystallization stage. The study 

• 

Fig. 1 -

• 

F 

F 

• 

F 
• 

• 

F , 

• 

Schematic drawing of the crystal growth. The crystal deve-
loped from a seed by successive grains progressively reco­
vering the hexagonal polyhedral form, following the F ar-

-rows. The n arrows indicate the growth normals as deduced 
c 

from the dislocation fan orientations observed in the la-
test crystallization stage . 
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of the fluid inclusions contained in the crystal show that the la­
test crystallization of the ''horse-shoe." beryl occurred under hy-

. . . 

drothermal conditions. (Fig. 1). 
These results could open new perspectives to the role of the growth 

marks. 
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-- .G \J THE NATURAL PHYSICAL-CHEMICAL PHASES 
T.N.Sokolova, Mineralogical Society of the USSR 
Leningrad, 199026, USSR ·. 
Since all products of the geochemical processes are re­
presented by phases or phase mixtt1res it is reasonable 
to consider the single action of mineral formation as 
well as complicated processes in terms of notion about 
phase. The phase is considered as aggregate of parts 
of thermodynamical system, possessed by the same phy­
sical and chemical properties i.ndepended on substance 
qu.anti ty. Th.ere is not prj.ori ty of crystalline phases 
with respect to non crystnlline ones. In the terms of 
organazj_ng levels for matter all physical-chemical 
phase are the components of the same level of organi-
zation where the ties between elements of level · 
(atoms possess energy from some unites to hundreds 
KJ/Mol. Crystalline state is the particular case of 
organizing matter for the level in a whole. Phases re­
present the statistical systems, independing on the 
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grade of structure organization their .identificatjon 
and study are based on the priciples of following 
physical-chemical analysi.s: continuity of the charac­
teristic changes within the limits of homogeneity and 
presence of singular points (lines) on the diagram, 
which don't change their absciss under conditional 
changes. The thermodynamic phase characteristics can 
be described by the Gibbs equation: 

SdT - Vdp + ni . = 0 
where the entropy value ( d iffers from th.e same sub-
stance according to its physical or aggregate state. 
There are as many Gibbs equations as phases. 
Comparisi.on of dimentions characteristics foI l:t:gulated 
atoms groups (germs of critical sizes, ordered fields 
within the glass or methamict minerals, micronohomo­
geneity etc.) shows that the dimensions factor is im­
portant for distingwishity of phases as statistical 
system. It is known that micrononhomogeneities with 
sizes up to few micron.a differ from macrophases beco­
us of greate influence of surface properties. Micro­
nonhomogeneities up to 10-100 i can be considered 
as components of solution or colloidal system. 

The changes of natural phases, trends of their evolu­
tion shoul be studied by the methods of non-equilib­
rium thermodynamic,. devised by Prigozhin, Nicols and 
etc. for different systems. The change of entropy of 
phase or system of phases participated in the proce­
sses may serve as principle criterion for measure of . 
irreversibility and velocity of processes. It should 
be taken in attention, tlJ.at the entropy changes are 
connected with the expense of energy with inviroment 
and developing of dissipative processes. That kind 
of analysis permits to expose the filds of linear pro­
ceses (near equilibrium) i.e. the fields of existing 
and change of stationary systems ~nd fields r1on-line­
ar processes. It is evident that constant energy flow 
equilibrated the energy lost by system during dissi­
pative process is neeessary to maintain equilibrium 
and structural non-homogeneity of stationary system. 
If the balance would be disturbed the system could 
be developed into instationary field characterized 
by the processes with high velocity chemical reac­
tions etc.), wide fluctuations of substance and ener­
gy. The system could be developed into the new stati­
onary ste.te through the wistable condi ti.on. Hence it 
follows the reasons for the degradation processes ac­
companying with the growth of entropy a.nd for evolu­
ft~onal procesne~ ~evel?ping_on~y.in open syste~s in 
field of unstab1l1ty with significant fluctuations, 
for geological systems • 

• 
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IN-SITU OBSERVATION OF CRYSTAL GROWTH AT ORDINARY AND 
HIGH TEMPERATURES 

• 

I. Sunagawa, K. Tsukamoto , T.Abe, K. Maiwa, K.Onuma, H. 
Nakamura, M. Kawasaki and K. Waizumi, Institute of 
Mineralogy, Petrology and Economic Geology, Tohoku 
University, Aramaki, Aoba, Sendai 980 Japan 

In any geological phenomenon, the nucleation, 
growth . and dissolution of crystals are involved, 
irrespective of whether the processes take place near 
the Earth's surface under ordinary temperature and 
pressure conditions or in the Earth's interior under 
high temperature, high pressure conditions. To 

• 

understand how these kinetic processes take place is 
immensely important in geological and planetary 
sciences. Since we can not directly observe the 
processes of mineral formation, characterizations and 
deductive analyses of growth histories of mineral 
crystals have been the main methodology applied to 
understand kinetic processes of geological samples. 
Another approach is to verify the mechanism of crystal 
growth or dissolution, by experimentally measuring the 
kinetic data and confronting them with the 

• 

theoretically expected one. Both methodologies are in 
essence indirect approaches. If in-situ observations of 
growth or dissolution processes with as high visibility . 

as in the case of characterization could be combined 
with highly precise rate measurement and well­
controlled growth conditions, this would provide the 
most .. direct method of investigating the kinetics of 

• 

crystallization and verifying the mechanism of growth 
and dissolution of crystals. We have developed such in-
situ observation methods for both ordinarv . ' • 

temperature aqueous solution system and high 
• 

temperature silicate solu·tion system. In the 
presentation, the in-situ observation methods we have 
recently developed in our laboratory will be reviewed. 

(1) Aquous solution growth at ordinary temperature 

A wide variety of experimental 
developed by a combination of 
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microscopies, interferometric methods, light 
. 

scattering, Raman spectroscopy, flow system, 
temperature controlling system using personal. 
computers, and recording system with CCD TV camera. The 
experiments were carried out in a thermostated clean 
room. Temperature control with fluctuation less than 
0.01 C is guranteed, and advancing spiral steps with a 
height of nm order can be observed in-situ. Using such 
experimental set ups, the following in-situ 
investigations are now possil ·le. 

• 

a) Clustering phenomenon in supersaturated solution. 
b) Visualization and measurement of diffusion 

boundary layer, buoyancy driven convection, etc. 
in relation .to flow rates of solutions. 

c) Measurement of surface super- or under-saturation 
on a growing sol id-1 iquid int~rf ac.e. 

d) Identification of · dislocation characters in a 
growing crystal. 

e) Measurement of growth or dissolution rate.s and 
slopes of individual growth , hillocks or etch 

• 

pits, and of advancing rates of spiral steps. 
f) Growth rates versus driving force relations on 

individual growth hillocks and surface 
supersatuations. 

g) Morphological variation of bulk crystals and 
growth spirals in relation to various kinetic 
parameters. 

h) Analysis of impurity effects. 
g) Secondary nucleation phenomenon • 

• 

• 

(2) . High temperature · silicate and oxide systems 

By preparing thin liquid film of silicate or oxide 
systems in a small furnace installed on the stage of an 
optical· microscope, in-situ observation of growing or 
dissolving crystal_s in high temperature liquid phase by 
transmitted light has been realized. Personal computers 
are used to control temperatures up to 1500 . C, with 
less fluctuation than 0.5 c. The following problems 
have been investigated using this method. , 
• 

• 

a) In-situ observation of growth or dissolution 
processes of crystals at elevated temperatures. -

b) Direct and -precise measurements of melting points . -

of both stable and metastable phases . 
• 

. 

• • 

-403-

• 



-

c) Morphological 
t rans i t i. o rt i 11 

compos it ioris. 

1ly' c.l r' i :' t·. i o r1 s 
relatio1t to 

i nc 1 ud i r1 g 1·ou ~tie r1 ing 
driving forces and 

d) Growt;l1 01 ... dj.ssolut1' .ior1 rate versus d1~ivi11g force 
relations. 

e) ~1easu1'er11e11t of 11ttc~leatior1 I'ates and probability; 
analvsis of nucleatio11 bel1a,;ior. 

' f) Metastable. nucleatio11; stability of metastable 
phases. 

g) Visttalization of convection and diffusion boundary 
layer in silicate melt or solution . 

• 
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ON THE DIAMOND CRYSTALS GENESIS IN THE EARTH MATLE, 
Andrzej Szymanski, Institute of Electronic Materials Technology, 01-919 
Warszawa, 133 W6lczyD.ska Str., Poland . 

• 

Genetic analysis of natural and synthetic dian1ond and especially progra1n1ned 
experiments confirm opinion that most hypotheses on the for111ation of dia­
monds as products of magma crystallization in very deep region of mantle are 
seemingly real only ( Niedha/ska, Szymanski 1987, Niedbalska et al 1988) · 
Graphite.'dia1nond equilibri11m plot for eclogites given by Dawson (1980) 
distingly proved, that industrial processes of HP/HT static ·synthesis was 
technically strained by pressure and probably more exceed natural conditions. 
High pressure technology on his start neglected physicochemical knowledge. 
Most con1111ercially produced synthetic diamonds grown from graphite in the 
presence of solvent/catalyst metals uo to 1 rnm sizes with isometric shape. 
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Reconstruction technique (Wentorf, 1971) used diarnond as source of sp3 

orbitals organized carbon for on seed growing stones was developed by Burns 
( 1988) to grown large crystals up to 11 cts in weight. The process is determined 
by the solubility difference of carbon on the precursor/metal and dia­
mond/metal interface. 
Localised his synthesis in points deviated 1,2 GPa higher and lower than 
Dawson's line (Fig.) Niedbalska and Szymanski ( 1987) using glassy carbon as 
precursor received same results as in cornmercial diamond synthesis based on 
graphite, but in lower pressure 3,8 GPa. Te1nperature localization of ex­
perimental points (Fig.) were compared with Sunagawa ( 1984) plots of faces 
growth rates. All good contoured crystals ("' 0, 7 rnrn in size) are cubooctahed­
rons with clear (100) and equiponde111ant or underdeveloped (111) faces. 
Niedbalska and Szymafl.ski ( 1987) suggestion that diarnond in the 1nantle 
growti from polycondensed and carbonized hydrocarbons was verified by 
Sobolev and Shatsky ( 1986) who describe diamond microcrystals grown into 
bubble hydrocarbons inclusions in garnets in pressure below 4 GPa in metarno­
rfic rocks. 
On the draft (Fig.) two types of different areas are given: Ts/p (te111perature of 
synthesis) and Tc (te1nperature of organic precursor carbonization). All discus­
sed experi1nents (Niedbalska, Szymafl.ski 1987, Onodera et al 1988, Miyamoto et 
al 1989) e&:rbonized his alassv carbon to si1nilar ten1peratures . 

• . 

Sobolev and Shatsky ( 1986) diarnonds are placed in two points: Ts/p and 
Tc+ Te/p (T~.te1nperature of epitaxy). Second one is more logical and grap­
hically verify suggestion that future development· ·or HP /HT synthesis to go in 
the direction of GVI>. epitaxy and would be low/pressure liquid. phase epitaxy 
- LPLPE (Fig., lined ,,xx'' area). 

• 
• 
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• 

As d d b J!'rllhllll pteSSUlt [Gf\U • f • · we rnay e uce m st pro ao1e natura1 envtronrnent o diarnond crystals 
growµ was liquid by ocarbons ftlled deep closed crystal or rock geodes, 
decomposed to carbon without metal aitalyst but with high isostatic partial 

-405-

• 



• 

pressure under high ternperature. 
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CONDENSATION EXPERIMENTS ON EXTRATERRESTRIAL SOLID 
MATERIALS. 
Akira Tsuchiyama, 
Kyoto University, 

Department of Geology and Mineralogy, 
Kyoto 606, Japan. 

• 

~£!i£=~~~ E~~£!i££~~ 
It has been known that solid-liquid reactions 

(melting and crystallization) are essential processes 
for evolution of the planets, such as the earth and 
some meteorite . parental bodies, and many experiments 

A 

have been done on this problem. On the other hand, 
solid-gas reactions (vaporization and condensation) are 
essential processes for formation of the planets 

• 

because they were formed from condensation products (or 
vaporization residues) in the primordial solar nebula. 

Processes of the solid-gas reactions have been 
discussed mainly based on solid-gas equilibria 
calculated thermochemically (e.g. [1]). However, 
kinetic effects are expected to be important in the 

• 

solid-gas processes due to a large difference of atomic 
structures of solid and gas. Therefore, experimental 
studies are also important for the solid-gas reactions, 
especially condensation. However, only a limited number 
of experiments have been · conducted for studying 
condensation in the solar nebula. 

£2~£~~~~!i£g ~~E~Ei~~g!~~ , 
In the present study, two different types of . 

condensation experiments were carried out to check the 
previous thermochemical calculation and to evaluate 
kinetic effects; (1) enstatite vaporization source at 
p(H 2 )=4.4xl0- 5 Pa [ 2], and (2) forsterite vaporization 
source at p ( H 2 ) =l. 4 Pa under different redox 
conditions [3]. -Results of the experiments-(2) show 
that the condensation sequences are almost the same as 
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those expected from the 
kinetic effects were 
condensation temperatures. 

Kinetics of condensation. ---------- --- ________ ___,_..._ __ 

calculation although 
seen especially at 

some 
low 

Several kinetic effects 
of crystals were found in 

due to a nucleation delay 
the exp e riments although 

heterogeneous nucleation· on substrata (mostly Mo 
plates) took place. Condensati c n of metastable crystals 
i n c 1 u d i n g a h i g h p r e s s u r e T"' i n e r a 1 ( c o e s i t e ) w e r e 
recognized at about l000°c in the experiments-(1). In 
the experiments-(2), whiskers of forsterite and 
enstatite grown by a VLS-mechanism, in which metastable 
me 1 t drop! et s condensed first, were found at medium 
temperatures (around 1000°c). Probably, the larger 
kinetic effect of the experiments-(1) results from the 
lower pressure in the experiments. Condensation of 
amorphous silicates at low temperatures ( <S00°c) were 
also found in the both experiments.· 

• 

• 

!~£!££~ f £~£!i£g~!i£g~ 
Fractionations of Mg and Si isotopes 

investigated with products of the experiments-(2) 
It was fo u nd that large amounts of fractionation 
f e w tens of per rni l.) took pl a c e d ur in g 
vaporization and c o nder1sa ti on. Heav i er isotopes 
fractionated into s olids d uring co n d ens ation at 

·temperatures (>1000°C) as well as vaporization. 
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IN SITU OBSERVATION METHODS AS DEVELOPED 
FOR THE CRYSTAL GROWTH IN MICROGRAVITY 

Katsuo Tsukamoto · 
Institute of Mineralogy, Petrology and Economic Geology, 

Faculty of Science, Tohoku University, Aoba, Sendai 980, Japan 

• 

Although high quality semiconductor crystals can be grov1n 
and thus growth of crystals seems to be controlled freely at any 
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.. 
environments, crystal growth in microgravity is almost beyond 
control, which is realized when we fly only 300km vertically from 
the earth. It is therefore questionable whether we can analyze 

· the formation of cosmic materials based upon the experiences on 
earth. · 

Utilization of microgravity has a lot of possibilities to verify 
crystal growth theories or to investigate the crystal growth 
mechanisms from fundamental point of views. This is because in 
microgravity no buoyancy driven convection such as thermal 
convection or solutal convection would take place, which leads to 
no fluctuating environment. So only diffusion, which is largely 

• 

i11fluenced by fluctuating convection [ 1], is· the transport mecha-
nism of growth units. Although modern crystal g1~owth theories 
started to include effects of convection in a limited case, crystal 
growth via diffusion process alone would have to be investigated 
experimentally as a simple case so that critical phenomena, for 
instance, in morphological stability 01~ in g1~owth zoning could be 
understood. 

A very stable environment in microgravity gives us the 
other possibility. According to ou1~ high temperature in situ 
observation of silicate crystal growth, inetastable phases "\vhich do 
not appea1~ in a phase diagra1n commonly nucleate prio1~ to the 
nucleation of the stable phase, if the supersaturation is large [2]. 
It is easily understood from this example that, if there is no 
gravity and thus no convection, nucleation of crystals in micro­
gravity would become very difficult and needs much larger super­
saturation, which would often lead to metastable nucleation that 
cannot be investigated in gravity. 

In order to investigate the difference of the crystal growth 
between in gravity and in microgravity, varieties of in situ obser­
vation methods by high resolution optical microscopies or interfer­
ometries were developed. A few payloads for the experiments in 

space were made by installing these optics. The first model is 
planned to be flown using a NASA space shuttle this year and 
1nore payloads were made for rock~ts. The observation methods [3] 
are ir1 principle similar each other. Vertically crossing optical axes 
are ltsed for the observation of a crystal surface at a molecular 
level and of the concentration gradient around a g1--owing or a 
dissolving crystal. Newly designed inodulation contrast microscopy 
is e111ployed for the forn1e1~ observation, which enables it to visual­
ize growth steps as thin as lnm fluring crystal growth. The 
concentration around a c1~:v-st.al is \risualized and measured by 
Schlie1'en inethod or com1nor1-path i1,1terferometry. 

_L\.lt.}1ou.e:h these in s ifti e~-s:peri1nents i11 i11icrogravity have not 
?' et bee 11 clone, the knowledge throl1g_h tl1e development of these 
inst1'Lln1ex1ts had g1--eat ii1fluences u1)on the progress of in situ 
obser\.ration inethods, \\.~ l1irh have been lltilized for the expe ri-
111ents in ou1~ labo1'"rj t.01·}-. The f ollo\vings a1"e some of the by­
prod ucts through the development of these optics and the prepa­
l"ation of these expe1 .. ime11ts. 
( 1) Space microscope employing modttlation contrast microscopy, 
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for the observation of a crystal surface at a molecular level a11d 
the measurements of crystal growth rate with the help of built-in 
auto-focus system, 
(2) common-path interfe1--ometries, which are verJr stable agai11st 
vibration, for the measurements of concent1"ation around a crystal 
in solution or of temperature around a crystal in melt, and 
(3) phase shifting two-wavelength inte1"fe1--01netry, for the meas­
urement.s of both temperatt1re and co 11centration around a crystal. 
This inte1--fe1--omet1--y achieved 50 ti1nes mo1"e acc111--ate ineasurements 
than ordinary interferometries and int1ch easier analysis with the 
help of a microcomputer. 

Up to now no experiments is planned to use microgravity in 
the field of mine1"alogy, however there seems to be many applica­
bilities especially in the field of meteorite or cosmic materials. 
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KINETIC ASPECTS OF SECTOR ZONING IN 
ARSENOPYRITE 

I. Vesselinov, T. Kerestedjian, H. Neykov, Geological Institute, Bulgarian 
Academy of Sciences, Acad. G. Bonchew St ., Bl.24, 1119 Sofia, Bulgaria. 

Sector zoning, very typical of hydrotl;lermal a.rsenopyrite, is studied in an 
assemblage of quartz and needle-like a1'8enopyrite fo1·med at about 350 °0 
in a Bulgarian base-metal vein deposit. A1senopyrite is bounded by {101}, 
{210} and {010} (Buerger's setting) and the oriented (001) polished section 
of a typical crystal (5 x 0.5 x 0.5 mm) shows a zonal pattern involving the 
(210) and {010) growth pyramids with a well-defined boundary between the 
two sectors. Sector zoning is especially prorninent in electron microscope 
BSE image. Microprobe point analyses give Fe(Asi-sSs)S compositions 
which vary in perfect harmony with the changing slopes of the boundary 
line segments. 
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Kretschmar and Scott (1976), not succeeding to explain the compositional 
zoning of a1senopyrite in terms of equilibri11m relations in the Fe As S 
system, have suggested growth kinetics as the likely cause. For hydrother­
mal arsenopyrite, our specimen conclusively corroborates that suggestion 
because the boundary geometry, so closely related to the non-stoichiometric 
Bz content, .is dependent solely on the relative growth rates of the two faces, 
i.e. on vo10 ;v210. 

• 

Our study of that effect is based on the theory of sectorial and zonal 
growth as given by Chernov (1980). We treat Bx as homogeneous impurity 
trapped at non-equilibrium and use the measured values of its concentra­
tion and of v 010 /V210 to derive the Sx. solid/fluid distribution coefficients 

• 

during growth as they influence and are influenced by the growth rates in 
the (210) and (010) sectors. Variable distribution coefficients, subject to 
crystallochemical interpretation, and the law of m~ action as an agent in 
controlling supersaturation at the front of the growing faces explain many 
features of the sector zoning in terms of phenomena taking place close to the 
growing crystal surface. Such a mechanism releases ·the constraint of pos­
tulating unreasonably varyable hydrothermal environments as 1eesponsible 
for zonal arsenopyrites. It also permits making rough estimates of growth 

• times. 
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HOW MINERAL CRYSTALS GROW 
Yu.K.Vorobyov 
Laboratory of Genetic Minerology, IGEM of Academy of 
Sci~noes ot the USSR. Staromonetny .per., Mos cow, 
10901·7, USSR 

The natural crystal~fonnjng media are almost always 
very polluted, that is they include a great number of 
components besides the main crystallizing substance. 
The physical models of natural crystallization have 
been studied in the speoiall polluted solutions of 

othe s substances. The gro t 's cin tic curves have · 
been built .and the impurity concentrations in the cry­
stallization halo have been measured. It has been. found 
that the growth in polluted natural media is determined 
by pe~iodio aoctunul~tion of the jr1np1.itri ties and by rise 
of impuri:ty barrier s_t·~pping the orys.talliza~tion .• . Beca-­
use. of that the growth pre<)ess •s a ·ol~~~y e~ressed 
pUls oha.raoter (lfig. I). In the ·cry-stals't· growth in . 
such media the following phenomena have been observed. 
At first the crystals grow rather homogeneous hav2.ng 
the most · simple ha bi. tua. However not leng after because 
of -impttrity· aoot11nulat · before the growth front the 
faoes lose ~s~eadiness. The ~growth becomes slower, and 
then very quickly· the . first inclusion ·· zone is formed •. 
Then gro of the pure matter gees on, but very ·soon 
it starts to grow slower again and the second inclusion 
zone is f or1ned. This process is resumed again and again. 

In every cycle the following p h e n o p h a s e s 
of g r o w t h are distingu;shed. . · 
· Phase I - rapid growth of the pure crystallizing sub­
stance. As the impurity accumulates in the boundary 
layer the growth becomes slower and tu1•ns into the next 
phase· ~ · 

Phase II - the rate of growth reduces to a complete 
stop:the impurities completely block the crystalliza-
tion. · 

Phase III ;.. relaxation ·of the impurity barrier:· du­
ring the .pause in growing the impurity concentration 
is decreased slowly by diffusion to a oertah threshold 
level at ~hioh the crystallisation is again possible. 

-411-

• 

• 



• 

Because of the supersaturation of the main crystal­
lizing · aomponent · inoreases simultaneously, the last 
phase ot the cycle begj ns ~ · - - · · 

Phase IV -.. a stormy growth i _s accompan~,ed ·by trap~ 
ping of a lot of medilun inclusions.. The -growth rate ·­
increases about . as compared to the growth. rate ·1n the 
~nd of the phenophase I.: Due ta this tlie most polluted 
part of crystallization halo is trapped by a crystal, 
forit11,ng ·a,- medium inclusions ~· zone in · the orysta1.· In 
accordance with this sequence of growth · phenop~ses 
the re ar alternation of pure and polluted ·zones oo­
c.ures in crystals of many minerals. Beoause -·o:r the va­
riety of relaxation variants of impurity barrier the 
polluted zones me,y be as follows: 1-) the zones· of in-­
clusions of polluted medi·tJm and impurity phas~s(quart-, 

. caloite1. diopside); 2) ·the peri·odieal sedimentation of 
· . urity phase layers on the· rowth' front · c ·11~eni te- · 

• 

spinel bycrystals, agates_); 3 the ·periodical · tra ping 
of· ·high oonoentra tions of homogeneous uri ties wolf 4'!9 

ramj, te, granate, oassi teri te, fluorite). -

Fig. PHENOPHASES OF CRYSTAL GROWTH 
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THE PROGRESS OF RESEARCH ON THE .CRYSTAL MORPHOLOGY OF 
CHINA 

WA.NG 'Nenkui, ZHAO Shanrong & NIU Xinxi, Department of 
Geology, China University of Geosciences (Wuhan), 
Wuhan 430074, People's Republic of China 
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During a long period in history the study or Chinese 
crystal· morphology was in a state of free hand sketch. 

· In the 40 years after the establishment of New China, 
the study of crystal morphology got a good beginning 
and several important contributions. In early 1950's, 
prof. Zhang Bingxi introduced V. Goldschmidt's crystal­
lometry to the students of Geological Department of Bei­
jing University. Several years later, the Institute of 
Mineralogy of Beijing College of Geology and prof. Peng 
Zhizhong first built the laboratory of crystallometry, 
gave lecture on the course of . crystallometry, and pub­
lished a book of crystallometry (1963). Meanwhile, he 
complished the research on the crystal morphology of 
hsianghualite (1964). Xie Xiande took the study of kur­
nakovite with complete morphological data (1964). This 
is an important progress in the history of Chinese 
recent mineralogy. Thereafter for more than 20 years, 
Zhang Jingyi measured 33 uranium mineral crystals occur 
in China (1988). In the earlier 1980's, the Institute 
of Mineralogy of Wuhan College of Geology reestablished 
the classical course of crystallometry and published An 
Introduction of Crystal Surface Microtopography (1985), 
mainly on the work of Sunagawa. The later is a begin­
ning of research of crystal surface microtopography in 
China. Financed by NSFC, Wang Wenkui et al have com­
pleted A Morphological Study of the First Group of 20 
Minerals From China, and built the only laboratory for 
teaching and research of both macro- and micro-morpho­
logy of crystals. That has laid a firm fundation for 
the continuous development of crystal morphology. 

Certain Chir1ese mineral crystals have unique morphs 
in the worl4. They are the fundamental material in the 
study of mineralogy, that is .inneglectable for develop-
ment. For example, the morph of our first new mineral 
hsianghualite is a combination of 16 single forms. It 
is the most creditable representative of tetartoidal 
class (T=23) among minerals discovered in the world.The 
morph of jamesonite, occurred in Dachang, Guangxi, is . 
the only reliable drawing since 1825 the mineral dis­
covered (Niu Xinxi & Wang Wenkui, 1986). Besides, the 
morphs of aegirine occurring in alkalinic granite in 
Kuiqi, Fuzhou, are very beautiful and rich in the.world. 
The development of single forms show that the series of 
evolution is from complex to simple (Wang Wenkui & Zhao 
Shanrong, 1987). 

Now there are 80 species of minerals which have 
been studied on goniometry, including 2 new minerals Of 
China, 33 species of uranium minerals, and more than 40 
species of other minerals. They provide about 100 exact 
crystal drawings and enhanced the basic research and 
teaching in mineralogy of China. 
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Recently, the study on genetic morphology of miner­
als is delightful. Chen Guangyuan (1987) has broadly 
studied the morphology of pyrite in Jiaodong Au depo­
sits, and showed 5 morphological characteristics of 
pyrite both in altered rock type and quartz vein type 
deposits. Zhang Liangju (1987) in the study of Xiao Qin­
ling Au deposits, has mapped the crystal morph of pyr­
ite according to the mineralizing stage to see the 
evolution. Zhao Shanrong (1988) has studied the natural 
crystalization of aegirine and arfvedsonite on the 

. light of morphology. She pointed out that the micro 
bonding on the surface of crystal growth is decided by 
b.oth internal structure and env-ironmental conditions­
degree of supersaturation. 

The previous work of mineral crystal morphology is 
so little that it lag far behind the study of the other 
branches in mineralogy. Therefore, our task is not only 
to compensate the lack of the morphological study of 
mineral species, but also to start along the trend of 
genetic and prospecting crystal morphology with broad 
future, so .as to discover the unique characteristics of 
Chinese crystal morphology and enrich the data of world 
mineral crystal morphology. . 

• 

THE UNIQU~ MORPHOLOGICAL SERIES OF AEGIRINE FROM KUIQI 
GRANITE, FUJIAN, CHINA 

WANG Wenkui, ZHAO ·Shanrong and NIU Xinxj, Chin~ Univer­
sity of Geos·c1ences (Wuhan) ~Wuha.n.t 430074, P.R. China~ 

-
• 

Crystals o.f aegirine occurred in druses of Kuiqi 
granite are so beautiful and plenty that bear great 
sig.nificance in tae traditional mineralogy •. The gonioma..­
trical study of aJ;>out. 300 crys.tals wi t .h · STOE goniometer 
by V.Goldschmidt's method, _and more than 40 exact cli~ 
no graphic crys.t~al drawings 1 show that: ( 1 ) the eucen.~ 
ricaJ. pyramidal habit are characteristic for part·ial 
a~girne and mainly boun.ded by dfl 31} or q{692}. which 
differs from that of ~eenland - and Xibin by ol 61) or 
x{461}2

·•
3

; ( 2) there exists a remarkable series., not 
reported before, of morphological. evolation from ome 
end of eucentrical pyram1dal (fig.1 2,3) through pup.­
like_ ( ·fig.4, 5) to simpl~ prismatic fig. 6., 7, 8), the 
other end; (3) both the reentrant: and close!f types. of 
simple contact twinnd ng on (·100) (fig •. 9, 10) and .paral~ 
lel intergrowth a·re typical and pleaty. .-

• 

As a result ·of internal infl.ue11c.e of bond chains 
and free space for growth, · the diminutioa of pyramid&J. 
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The morphological evolution series o! -aes:frine, Fu.zhou, China (!ig.1-8). 
c(OOf.), p(101), d{131), u(111),s(111),~(p~90•),a(100),b(010),m(110). 

faces,.as well as~ simultaneously the emergence and deve-
lopment of c..{001} or p{T01} are the main macro indices of 
~he morphological evolution of aegiri~e. · 

All of these exhibit an astonishing comprehensive 
systematic evolution pattern of macro-morphology of 
aegiriae from Kuiqi granite, never disclosed elsewhere 
before. 
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EXPERIMENTAL RESEARCH AND EVIDENCE OF RETROGRADE OF MINERALS 

XIONG Dahe, Institute of Geology, Academia Sinica, Beijing, 1100011 

China. 

~sing the cubia_,.anvil high pressure apparatus, we carried out 

the phase transformation experimentS3 at 3.7GPa, 1120~C; ~.OGPa, 

114o0 c; and 3.8GPa,1100°c for feldspar-quartz sandstona with vola­

til&$ TiH2,Zr~. Then the Quenched sampl~ was heated in high temp­

erature. furnace under 1000<lC :tor two hours. 

Experimental results; ahov. q11artz trandormed tto coesite and 

f~di;par ahangerl into topang. and mum::ovi t~ in all th~ "three tests, 

besides, goethite and zircon were found:l.under the high pressur~& 
• 

high temperature~ When the coesite ·and topas obtajned undttr 3.7GPa 

and 112ooc wer~heated -up tto 1000°c again, the back-transfottmattion 

of the coesite-: to quartz.; the topaz to miarocline; were observed. 

Hwt the coesite phase obtained under ~.OGPa and 11400C was irrevers 

ible, no back-transformation occurred,when heated up to 1000°c 

again. This probably suggests that 4.0GPa and 114o0 c were the criti 

cal pressure and temperature. for coesite stable range. 

Employing high temperature diamond anvil cell,synchrotron radi­

ation and energy dispersive X-ray diffraction techniqµe the spinal 

.to olivine back-transformation was observed at 750-950°c for f-spi-
. 

nel((-(Mg Fe)2Si04). · 
• 

The experimental results of phase change and back-transforma• 

tmon of olivine and quartz etc. are well with .their theoretical 

phase diagrama. It possibly foretells that reversibility or retro-
-

grade of minerals is a impor t ant factor of mineral genesis. 
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ISOTHERMAL COMPRESSION AND HIGH PRESSURE PHASE 
TRANSFORMATION OFNICKEL OXIDE (BUNSENITE) 

• 

• 

XIONG DAHE, Institute of Geology, Academia Sinica, Bei.ing, 100011,China., 
L.C.Ming, M.H.Manghnani, Hawaii Institute of Geophysics, Honolulu, Hawaii, 
96822, U.S.A . 

• 

Nickel oxide (Nio,Bunsenite) has served as an analogue modelling composi­
tion in relation of other monoxides such as MgO,FeO of the earth interior.the 
change of crystal structure of NiO from naci type F .C. C. to rhombohedral was dis­
covered by_ Rooksby in 1943 at low temperature -183t. 

Recently,experiments have ·been carried out under pressure upto 12.0 GPa us-
• 

. ing diamond anvil -cell with liquid pressure transmitting medium and direct com-
pression to 29GPa. Our experiment shows that ,during the isothermal 
compression, when hydrastatic pressure ·was loaded up to 8.87GPa step by step , · 
the lattice parameter and molal volume of NiO changed from ao = 4.1824; 
Ym=ll.0099; density 6.7802 at zero pressure to ao=4.1139;Vm=10.4819,and 
density 7.1254 at 8.87GPa. All data show small deviation from that by 
Drinker1nan and S.K.Agrawal. The diffraction lines (111),(220)of NiO suddenly 
split when pressure was loaded up to 12GPa at hydrostatic compression, and the 
phase of NiO changed from cubic to rhombohedral. The same results were ob­
tained by direct compression at pressures ranging from 5.8GPa to 29GPa. Lattice 
parameters of the new phase are a=2.9670, c=7.0000; Vm= 10.7084; and density 
6.9726,which agree with Rooksby's a=2.9660. 

The Magnetic properties of NiO vary with pressure. Neel temperatureof NiO 
is 250t (523 ° K), which decreases when pressure increases. Below the Neel tern-
• 

perature,NiO changees from paramagnetic into antiferrom-agnetic, and its struc-
ture also changes into rhombohedral. 

The calculated bulk modulus of NiO Birch-Manghnahan equation of state 
fits well with the P-V data, and assuming the theoretical bulk modulus of NiO is 
K0 = 166.83GPa,• given K0 values of 4. Modal volume vs bulk modulus shows that 
the compressibility of NiO is approaching to that of MgO . 

• 

• 

THE GROW'I'H OF CALCIUM CHLORAPATITE CRYSTAL 
• 

Yang Xiuming *, W.A.Rachinger **, P.P. Phakey **, J.Palamara** 
* Department of geology China University of Geoscience 
Wuhan 430074, Hubei, P. R. China 
** Department of Physics Monash University 
Clayton, Victoria 3168, Austtalia 

• 

Abstract 
• 

• 

The calcium apatites are i1nportant substances both in the animal and 

mineral kingdoms. Fluorapatite is the major ore of phosphorous, 
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hydroxyapatite forms the inorganic component of bone, dentine, enamel 

and some pathological calcifications. lJl:e chlorapatite not only can mixed 

with fluorapatite constitute the base for the major phosphor compound in 

fluorescent lamps,- but also can convert into a single crystal of 

hydroxyapatite. Thus the studies of chlorapatite have great si · · 1cance. 

The first part of this paper describes the solution growth methods 

us~ for obtai1:Ung large crystals of chlorapatite . The solution, from which 

crystals of chlorapatite were grown, was made up by fusing mixtures of 

microcrystalline ~-Ca3 (PO 4)2 and CaC12• The temperature of the growth 
. 

was from 1330°C to 106Q<>C. The cooling rates were 1-3°C/hr. The largest 

chloraplatite crystal obtained was 7 mm in length and 2 mm in diameter. 

In the latter part of this paper some optical and crystallographic 

properties of chlorapatite are described. At room temperature, the 

chlorapatite crystals were monoclinic and optically biaxiaI negative. Some 

crystals were highly twinned. It can be concluded from the surf ace 
• 

microtopographical features that the twins were not formed during the 

growth period, but were formed during the cooling period . 
... 

• 

THE ZONING STRUCTURE IN THE AEGIRINE CRYSTAL AS 
INFORMATION OF GROWTH 

ZHAO Shanrong, WANG W.enkui, Department of Geology, 
China University of Geosciences (Wuhan), Wuhan 430074, 
People's Republic of China 

The aegirine crystals occur in the cavi t .ies of 
Kuiqi granite, Fujian. ·The zoning structure is 
ex~ibited in the crystals. In this paper the difference 
in the composition and the shape between different 
zones in the same crystal, the growth dynamic characte-

. ristic and the growth history of the aegirine are 
discussed. · 

• 

Based on the EMP analysis, the relationship 
between the colour and the composition of the zones is: 
the dark green zones are rich ·in KzO+Na~o and TiOi, 
while the light green zones are rich in ~FeO; the dark 
brown zones are ·rich in CaO and MnO while the light 
brown zones are rich in ~FeO and KzO+NaLO. According 
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to · the distribution of the zoning in the crystals, two 
genetic types are divided. One is growthi zoning 
structure which is formed by growing. The zoning is 
only in the head of the prismatic crystal and composed 
of dark and light green or/and ~rown zones alternately. 
The other is alteration zoning structure which is 
formed by alteration. The zoning is around the crystal 
with one or two brown zones. 

The growth zoning structure is a kind of dissipa­
tive structure. Based on the simplified dynamic 
equation of crystal growth and the compositional 
difference between different zones, the dynamic chara­
cteristic of the aegirine , crystal growth is: the state 
of the system is supersaturated and is of non-linearity. 
Some components, such .. as Na, K, Ca, Fe, Mn, Ti, diffuse 
slowly in the magma. Then the growing facial state of 

_the aegirine exchanges alternately between different 
states of concentration under the same environmental 
condition. therefore, the zoning structure in the 
aegirine crystals developed. The negative correlation 

of the ion couples (K+Na-Ca, Fe-Mn and Fe-Ti) shows 
that the ion prior absorbed on the growing crystal face 
will result in the other ion at the same crystal­
chemical site repelled during the crystal growing. The 
zoning only appears in the head of crystal because of 
the faster growing rate along C axis resulting in the 

· relative slowly diffusing rate of the ions in the magma 
along this dir~ction. 

The shape o.f t ·he zones in same crystal are also 
different. Outward from centre, the shapes change from 
simple to complex. It shows that in the early stage of 
the aegirine growth, the supersaturation is lower and 
the shapes of zoning are equilibrium form, on the con­
trary, in the late stage of the growth thesupersatura­
tion is higher and the shapes of zoning become non­
equilibrium form. The external zone of the zoning 
structure is the morphology of the aegirine qrystal. 
It is very v,arious and bounded by many kinds of faces 
including some high index faces, such as { 692}, {661} 
etc., and some curved faces. That is, in the last 

· sta.ge of growth the supersaturatiori is very high and 
the growing rate is very fast, but the cause of the 
increase of supersaturation in the late stage is not 
clear so far. 
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MINERAL PHYSICS 
• 

• 
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~ 1 .K, 
Si-0 BOND LENGTH VARIATIONS ll~ SILICA PHASES 

• 

A. Alberti, Istituto di Mineralogia, Universita di Ferrara, 
Cso Ercole ! 0 d'Este 32, 44100 Ferrara, Italy 

• 

In the last three decades many authors tried to rationalize the 
. • 

·. bonding forces governing tetrahedral bond length variations in 
silicates, both by a variety of quantum mechanical calculations, 
and by the quantitative evaluation of the actual effects of bond 
angles, bond strength and others, through statistical analysis of 
experimental data. Bond length variations have been theoretically 
interpreted by different authors as principally due to either 
covalent or ionic interaction. Furthermore exoerimental restrl ts • . 

might be ambiguously interpreted. 
In order to describe the properties of the Si-0 bond in silicates 
and their structural variations, a multiple linear regression 
analysis of the available data, trying to discern the effect of 
the different factors which are supposed to influence the tetrahe-

• 

dral Si-0 bond ·1ength, d(Si-0), was carried Ollt on composit·io-
nally simple compounds: - Si0

2 
silicates. 

The factors taken into account are: 

1) The· Si-0-Si angle 
1/(1-sec(Si-O-Si)) 

2) the < 0-Si-O > angle 
1/(1-sec(<O-Si-O>)), 

and its functions: 
• 

and ~ts functions: 
2/(tg (<O-Si-0>)) 

-sec(Si-0-Si), 

-sec ( < 0-Si-O >), 
• 

where < 0-Si-O > is the average of the three 0-Si-O angles 
formed with the bridging Si-0 bond 

3) the ~istortion of <0-Si-~ >defined as: 
V ~ ( 0-Si-O - < 0-Si-O >) 

i=1 
- . 

4) the tetrahedral distortion defined as: 
~,6 2 
~ fO-Si-0 - 109.47) /5 . 1 \ J = 

• 

5) the bonded distance d ( O-Si2) , and nonbonded distance 
d(Sii ••• Si2) 
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6) the electrostatic energy of ion sites 

7) the ·nonbonded ion repulsion defined as: 
.3 

d(Sil ••• Si2)+ 2 d(0-0 ) 
i =1 i 

where 0 is the bridging oxygen and 0. are the three other 
l. 

oxygens of the tetrahedron 
• 

Seven phases: low quartz, low cristobalite, low trydimite Fl, low 
trydimite Cc, coesite C2/c, coesite P2

1
/a, synthetic zeolit~ 

ZSM-5 with a ratio Al/Si~O; totalling a number of 448 individual 
d(Si-0) have been considered. 
Almost all the considered variables correlate significantly, at 

. 

the 99% level or more, with d(Si-0), and multiple regression 
equations for d(Si-0) were obtained at the 99.99% level of 

• • 

significance. Of interest is the very strong correlation between 
d(Si .•• Si) and the Si-0-Si angle over the whole range of Si-0-Si 
.angles. On the contrary, d(Si-0) correlates with Si-0-Si angle 
more weakly than expected, and the correlation between d ( Sil-0) 
and d(O-Si2) is even weaker. This data suggest that (Si ..• Si) 
interaction plays a fundamental role in the bond geometry, thus 
enhancing the ionic interaction in silicates. It is also worth to 
point out the significant correlation wich has been found between 
d(Si-0) and the electrostatic energy of anion site. 

• 

• 

ll1PPllIS1L or IlrllllD SPICftOSCOPY or IDYL. .. • ~o K. 
Carlo lurisicchio, Consiglio Nazionale delle Ricerche. Ro1a, Italia. 
Odino Grabessi, Universita'degli S_tudi di Roaa 'La Sapienza". Roaa, Italia. 
Pierre lecchini, Universit~ de Besan~on. Besan~on Cedex, France. 

In a previous paper [Aurisicchio et al. 1988] the co1plex crystal che1istry of 
beryl has been re-evaluated. The results shov ·that the 1ain substitutions concern 
divalent and trivalent ions for Al in the octahedral site and Li ion for Be in the 
tetrahedral site. Both substitution need the entry of alkali (Na,I,Cs,Rb,} ions in 
the channel in the '2a" position between the six-1e1bered Si rings, whereas the '2b' 
position at the center of each ring is occupied preferentially by water 1olecules. 

The effects of these substitutions on the lattice paraaeters allows the 

• 

definition of three beryl series on the basis of the c/a ratio: . · 
•octahe~ral' beryls -where ll • Me2+: c/a values in the range 0.991-0.996: 
'tetrahedral' beryls-where Be_. Li ; c/a values in the range 0.999-1.003; 
1 nor1al'beryls -where the substitution do not occur or 1ay occur together, 

though a very liaited extent;c/a values in the range 0.997-0.998. 
A coapositional gap exist between octahedral and tetrahedral beryls. 
Although. the infrared spectra of beryl have been repeteadly investigated, the 

assignaents of the Si04 and Be04 internal vibration is not unaniaously accepted 
(Plyusnina,1964; Gervais,1972; Ada1s et al.,1974; Boff1eister; 1987). 

To give a contribution to resolve the discrepancies of band assigne1ents and to 
verify the influence of octahedral and tetrahedral substitutions, alkali and water 
contents, ve analyse the variation of shape and position of IR bands of beryls fro• 
different source, on the basis of che1ical and structural results • 

• 
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3800 - 3400 c1-l range. · 
As well known, in this range of IR spectra of beryl, observed absorptions bands 

are due to the Type-I and Type-I water,as defined by Wood and Nassau (1967) 
At roo1 temperature three typical spectra, correlated to the 

octahedral("Type O"), nor1al ("Type N') and tetrahedral beryls (wtype T") were 
observed: 

• 

spectra 'Type o•: sho~lder at 3698 c1-l strong absorptions at 3663 and at 3600 ca-1: 
spectra 'Type N": strong absorption at 3698 c1-l with a very weak absorption at 

3663 c1-l and at 3600 c1-l; 
• 

spectra ftType T": an equivalent absorption for both types of water. 
Using low te1perature 1easure1ent (N liquide} infrared spectra,best results were 

obtained by increasing the absorption band intensities of Type-I and Type-II water • 
Low temperature 1easure1ents increase also OH absorption (latz, 1962). That 

could explain the large increase of the "3663 c1-l" band. This absorption is due to 
the Type-II water and to OH associated with sodiu1, both together. O~-(Na) absorption 
is observable at 3658 c1-l on spectra froa larqe sodium content sa1ples, this 
absorption is a shoulder on lower sodium content. 3600 cm-1 absorption could be the 
combination of OH- (Na} at 3590 ca-1 and OH-{Cs) at 3596 ca-1 with the Type - II water 
absorption. 

A correlation were done with the sodiu1 content and the ratio between the Type­
II {3660 c1-l } and the Type-I (3698 c1-l) water absorption heights. The proposed 
1odel could explain the decrease of the Type-! water with the increase of sodiua 
content, and the foraation of OH in the neiqhboirhood of alcali in the channels of 
the beryl. 

1200 - 500 c1-l range. 
In our spectra the absorption at 1200 cm-1 become more broaden and shift with 

the increase of Rf content in the framework channels. In order to clarify this 
assignement we attempt to compare some our structural data [c /a ratio, Be-0(2}*4, Si-
0(1), and Al-0 (2) bond distance] versus band positions. 

The shift of band at 1~00 c1-l versus c/a ratio , suggests that the band shifting 
is lied to variation .of the Si-O-Si ring· bond depending on the octahedral and 
tetrahedral substitutions. For this band , moreover , not correlation exist between 
shifting and Be0(2 )*4 bond distances, but, on the contrary , a qood correlation exist 
with Si-0 bond distances. So, according to Hoffmeister , we suggest to assign this 
vibration to SiO ring. 

The band at 1060 cm-1 appears when the .substitution in tetrahedral site T' is > 
of 0.190 u.a.f. and the band at 1020 c1-l disappears with the increase of T'site 
substitution. The band at 1020 cm-1 increase and widens with the increase of the 
octahedral substitution and the band at 1060 cm-1 disappears. 

These two bands may be caused by ~ variation of the "e~ternal bond" Si-0-Be and 
Si-0-Al rispectively. 

The 950 ca-1 band shifting shows a good correlation versus Si-0 (1) bond distan 
cies and versus c/a ratio. Thus, according to all authors we assign this band to SiO 
vibration. 

' 

The 805 c1-l band shifting shDws a good correl~tion versus Be0(2)*4 bond 
• 

distances and versus c/a . ratio. Therefore , according to Plyusnina we suggest to 
assign this band to BeO vibration. · 

At 700 cm-1 and 560 ca-1 , at low temperature, appears two weak shoulders that 
increase in intensity with the Be-Li substitutions in the T'site and disappears in 
the "octahedral berylsw. These two bands allow to confirm the tetrahedral position of 
Li in the beryl structure (Tarte, 1964). 

The absorotion at 525 ca-1 and SOOca-1 show a good correlation versus Al-0(2)*6 
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bond distances and versus c/a ratio, so we assign this band to Al06 vibration. 
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SPECTROSCOPIC STUDY OF ISOMORPHISM AND COLORING ROLE OF 
Fe IN PYROPHYLLITES 

Cai Xiucheng, Zhang Huifen, Fu Yude and Tang Rongbin 
Institute of Geochemistry, Academica Sinica~ Guiyang, 
Guizhou, 550002, People's Republic of China 

Structural characteristics and coloration of pyro- , 
phyllites have already been studiedQ-3) • The purpose of 
this paper is to study the isomorphism and coloring role 
of Fe in pyrophyllites by spectroscopic m·ethods. 

18 natural pyrophylli te samples 'A7ere callee ted from 
Zhejian and Fujien provinces. Their EPR spectra at low 
field consist of two absorption bands: A, gen=11 .4; B, 
geff_~4.3. The differences in the EPR spectra of 4 pure 
·pyrophyllite samp~es which were t[eated at different tem­
peratures were obvious: Below 400 C, both A and B be­
came more intense with increasing temperature; Above 
400°c, A decreased with raising .of temperature and dis­
appeared at 900°c·, but~increased in intensity all the 
time; Bis labeled here as B',. because its i~creasing 
is related to dehydroxylation; B' at 900°C is more in­
tense than A in initial samples. IR and DTA data showed 
that the dehydroxylation began at "-'500°C and ended at 
900°C. Theref6re we can get the following interpreta- · 
tions: . 

1) Reducing-increasing process in intensity between 
A and B' bands during thermal treatn1ent, .and its synch­
ronism with the deh.ydroxylati6n demonstrate that A and 
B(.and B') bands are generated by the same paramagnetic . 
. ions. Because of the simi·lari ty of B' to absorption ( geff 
=4.3) of Fe3+ in octahedral she.ets of kaolinite, A 
ought ·· to be attributed also to F~~, which isomorphously 

. replacing the Al 3+ in octahedral . sheets of pyrophylli te. 
2 .). B' at 900°C consists of 4 lines: One(g~=4.3) is 

the same with Fe3+ line of dehydrated kaolini te and 
glass, A = 1h. Such Fe3+ ions are situated in: tetrahedra· 
Al3+(Fe 3 + )-04 ; Other th·ree lines(gcff =4.5, 4.2, 4 -.1) 
should be att.ributed to ·Fe3-t ions in trigonal bipyromid 
Ar+(Fe~)-Os,A~~. Thus it may be deduced that in natural 

• 
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pyrophyllit.cs,-isomorpho~s Fe3~ ions have two coordina­
tions: main Al3+(Fe 3+)-04(0~)~; minor Al3+(Fe 3 +)-02(0if)4. 

3) The facts that both A and 3 increased with rai-
sing of treatment ternpera. t ure ~ 40~ ° C, intensity of B' 
at 900°C exceeds that of A in initial samples propose 
that isomorphous cation in octahedral coordination are 
not only Fea-t, but also Fe2+ oxidated during hea.t treat-
ment. 

Moreover, relative content of ~e3+(from A) end to­
tal iron c·ontent(Fe 2 03 ) were determined(Tab.1). It is 
obvious that the c~ncentration of iron(or Fe3+) is close­
ly related to the coloration of pyrophyllite. Optical 
spectra 9f initial samples show that absorption band 
at 5520 1\. is attrib1Jtcd to Fe3+- ; Changes in their in­
tensity and width make the samples to be colored in 
different tones. Optical spectra of violet-rec and 
pink pyrophyllites

0
treated at 900°C sho~ also that the 

absorption at 5200A are generated by Fe3 + (charge trans­
fer transition). Therefore, isomorphous Fe 3 +ions are 
major origin of violet-red and brick-red colors of py­
rophyllites ,wl1ich is consistent with (3). 

Tab. 1 Contents of total iron and Fe3+(A band) 

----------!~-E~~~-EJ~~E~~~!~!~~------------------------
sample · No Q-6 Q-7 Q-1 Q-3 N-58 N-5~ 
-------------..------------- .... --.-----~---.-,~- ... ---.-------------
color . violet "ellovJyellov1 light green "re 
_________________ r§9 ____ ~-----g~~~n ___ gr~~~--gr~l--~--: 
total iron ~ 
(Fe.203 ) % v.69 0.41 0.37 0.28 
-~---~---~---~---~~~~-----~-~~~----~---------~---~-~~-~ 

3~ . 

______ £ _______________________________________________ _ 
References 
( 1) J1HrostleHKO A.C. u ap.: 7 conf. Clay Mineral. and Petrol. 

in Kardlevy Vary, 1976, G·eologica Proha, 1977,p.49 
(2) Wardle Ronald and Brindley G. ~. : Amer. Minera­

logist r vol.57, 1972,p.732 
(3) tlR.f!Ff,~i~~: ::r;±~~ial...~~, - J984~,$5~, ~ tfl[ 

DIRECT DETERMINATION OF Fe2+ AND Fe3+ IN IRON-BEARING 
' 

MINERALS BY ELECTRON PROBE QUANTITATIVE ANALYSIS 
• 

CHEN Keqiao, Institute o.f Mineral Deposits, Chinese Academy o.f Geological Sci­
ences, 26 Baiwanzhuang Road, Beijng, China 

' 

The electron probe quantitative analysis of iron-bearing oxide or silicate at 
present can only yield the quantitative result of TFe, rather than the separate 
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quantification of . Fe2+ and Fe3
:. Therefore, for solving the problems of 

mineralogy, petrology and mineral deposits, the methods such as the residual-ox­
ygen calculation and the velence-balancing of chemical formula of mineral are 
usually used to calculate the Fe2+ and Fe3+ contents and the chemical formula. 

Studies by domestic and foreign scientists indicate that the Fe2+ and 
Fe3+ contents in minerals (the average yalence state of iron) are somewhat propor­
tional to the FeLP I FeLa. ratio. We made an electron probe quantitative analysis 
of each mineral of the ten available standard samples (hematite, goethite, 
magnetite, titannomagnetite, chromite, ilmenite, epidote, ilvaite, almandine, 
olivine) using a JXA-733 electron probe microanalyser produced by JEOL (con­
nected with an American TN-5500 energy dispersive spectrometer), and deter­
mined the counting rate of FeL/J and FeLcx. Then we calculated their respective 
FeL/J I FeLa. ratios and, drew the correlation curves of FeL/J I FeLcx ratio versus 
average valence state of iron. . 

Four minerals with chemically analytical results and known Fe2+ and 
Fe3+ contents are taken as unknown samples; the FeL{J I FeLri ratio for each min-

• 

eral can be calculated using the results of determinations by electron probe quanti-
tative analysis and FeL/J and FeL(X counting rate methods. The average valence 
state of each mineral can be obtained on the basis of FeL{J I FeLci ratio versus and 
then the percentage contents of Fe2+ and Fe3+ are calculated using the following 
equations: . 

(3 - N) x n r x n r 
0 re re 2 3 X = x C% 

FeO (N - 2) x n FeO x 2n Fe + (3 - N) x n Fe x n Fe20l 

(N - 2) x n F x n F 0 · 

X -- e el 3 CJ/ ~~~~~~~~~~~~~~~---~----- X ~o 

F•203 (N - 2) x n FeO x 2n Fe + (3 - N) x n F• x n Fe203 
• 

where XFeO is the true per9entage content of FEO in mineral, XFe203 the true per­
. centage content of Fe20 3 in mineral, N the average valence state pf iron in 

• 

mineral, n the moleculer (or atomic) weight, and Co/o TFeO percentage content ob-
tained through quantitative analysis by electron probe BA method. 

A ~omparison with the chemically analytical results suggests that the quantita­
tive analyses of Fe2+ and Fe3+ in several minerals by electron probe are relatively 
ideal on the whole. Under microscope, the frrst two minerals exhibit ~ lot of 

. 

intergrown quarter crystals that can not separated thoroughly. For sue~ a kind of 
minerals, therefore, the percentage contents of their Fe2

+ and Fe3
+ directly deter­

mined by electron probe quantitative analysis are surely better than those detected 
by wet chemical analysis. - . 

ELECTRON IRRADIATION EFFECTS IN QUARTZ SINGLE CRYSTALS 
AND POLYCRYSTALLINE MATERIAL 
o.w. Florke*, B. Martin* , K. Roller*, R. Wirth** 
*Inst.f. Mineralogie,RUB Bochum, 4630 Bochum, Ger~1~nany 
**Institut fur Neue Materialien GmbH, Universitat 
Saarbrilcken, 6 6 0 0 Saarbriicken, Ger1nany 
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Quartz single crystals with different crystallographic 
orientations (c-cut (0001) and x-cut (2IIO)) have been 
irradiated by electrons in an e~ectron microscope at 
200 .. kV. The irradiation results in the formation of 
strain centers followed by a crystalline-amorphous 
transforma.tion of t ·he crystal. The appearance of the 
amorphous state ~s correlated with the generation of 

· streaks and an elliptical elongation of the electron 
diffraction spots. The deformation of the diffraction 
spots is a · result of the deformation of the single 
crystal lattice caused by the volume increase of the 

• 

amorphous state of Si02. 
Additional irradiation experiments have been carried 
out at dislocations and grain boundaries. Results: 
- Size and number of the strain centers increase with 

the irradiation time. 
' . 

. - Irradiation damage is enhanced in those samples 
· with the crystallographic orientation (2Tl0) com­

pared with samples cut (0001). 
- At grain boundaries irradiation generates amorphous 

regions along the grain boundary. The width of the 
• 

amorphous region at different boundaries depends on 
the crystallographic orientation relationship of the 
two adjacent grains. 

- In the vicinity of the grain boundary at both sides 
of the boundary there is a zone free of strain 
centers. The width of this zone is different in 
two adjacent grains and can be correlated with the 
crystallographic orientation of the grains • 

- Similar observations concerning the width of the 
amorphous regions ·along the .grain boundaries have 
been made at quartz-mica phase boundaries. 

• • 

PRELIMINARY STUDY Of SILICON-29 AND ALUMINUM-27 MASS NMR' 
SPECTRA or SOME SILICATE MINERALS . • 

(jUO Jiugao,* YE Chaohui, .HE Zhihai·, CHEN Feng, \JANG 
Zhuming, Laboratory of tw\agnetic .Resonance and Molecular 
Physics, . Wuhan, 430071, · People·' s ·Republic of China 

. 

· Since 1980,the solid-state high resolution NMR tech-
niques have been introduced ·into mineralogy. Among these 
magic a·ngle sample-spinning (MASS) NMR technique was ex­
tensively used ·. It is shown that this method is a power­
ful tool for exami·ning the local structural enviroment 
of a wide variety of at~ms in mine~als. The most signi­
ficant application of that will be to those · problems 
that cannot be addressed using XAD or . TEM method, these 
include order/disorder, the structure of amorphous and 
fine-grained ~aterials etc •• This paper will briefly in­
troduce the results of 29 Si . and 27 Al f1ASS NMR spectra of 
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some minerals. 
The minerals studiBd were characterized by X~D .Apart 

from that some clay minerals mixed with quartz,no disco­
vering any apparent imp.urity minerals. The spectra were 
recorded on Bruker MLS-400 NMR spectrometer wit~l magic­
angle sample-spinning rotor as3emblies. The rot rlt ion 
rates are from about 3 to 5 KHz. Peak chemical shift are 
reported in ppm from external TMS for silicon-29 and 
Al(N0 3)3 for aluminum-27. Three sinter mullit~ e x~mined 
were fired at 1 3 5 0 C , 1 5 0 0 C and 1 7 3 0 C re s p e c t iv r? l y an c1 
one mullite which is a commodity ·made in England \Jas 
also measured for comparison. The results show there 2re 
three peaks in 29 Si MASS NMR spectra, and pea~ chemical 
shift is at -9 7 • 2 , -9 2 •. 6 and -8 7 • 3 p D m w t-1 i c h may b a d u e 
to mullite Q 2 (0Al), Q 2 (1Al) and Q2 (2Al) separately. The 
relative intensity of the peaks \/aries with increasing 

· fire temperature and these 29 Si spectra show also syste­
·matic variation in full width at half-height which is 
donsistent with the results of XRD. The coordinate state 
of Al is also varies with fire temperature change. 

2 9 Si chemical shift of pyrophyllite, montmorillonite 
and kaolinite is -95.2, -93.4 and -91.4 ppm, which is 
identical with publi~hed data. The difference in shift 
among these minerals can be explained according to the 
difference in structure. 27 Al chemical shift of pyrorhyl-

lite and montmorillonite is 3.2 and -0.6 ppm separately 
which is similar with the paper by D.E.Woessner (1989). 
However, 27 Al chemical shift of kaolinite is quite diffe 
rent with the data rep·arted by R. A. Kinsey et al., ( 19 85) . 
The spectra of four kaolinite and a dickite consist of a 
narrow peak at -1 .1 ~ 2 .4 ppm and a shoulder at about 9 
ppm, which shows ·there are two distinct oc t ahe dra l a 1 u­
mi num sites in these samples. 

The 29Si MASS NMR spectra ·of a natural illite is also 
consistent with presence of multiple silicon sites,which 
contain a large peak at -BS~B · ppm (Q 3 (1Al)) and shoulder 
peaks at -88.5 ppm (Q 3 (0Al)),and at about -82.0 ppm (Q 3

( 

2Al)). Our results are similar with 29 Si NMR spectra of a 
synth~tic illite by C.A.\Jeiss et al., (1987). 27 Al MASS 
NMR s ·pectrum of illite consists of a large peak at 3.0 
ppm that is due to octahedral Al site -and a small peak • 
at 68.8 ppm that attributes to tetrahedral Al site,which 
is consistent with the dat·a by Kinsey et al •• 

• 

Qi> 1.;be, 1WG luyi, Dr«; Alian and Ardi, I.ab:>rato1·y of Physical Mineralogy, 
nm, CAGS, 26 Beiwanzbuang Road, BeijibJ 100037, China 
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Infrared spectrtn of 124 pyropes fran Chjnese kimberlites and oco Jd•nterlitic 
S()\1rces were rtaS\ired. Sane typical grains were selected for DIP analysis. As the 
IR and caop:lSiticnal informatioo are obtaioo! ·frao the sane pyrope grain, it is 
imsible to cootrast the spectroscopic character with its chemical caap:sitioo • 

• 

beloogs to garnet groop with chemical for11llla A3B2(Si04)3, where 
A~2+,Fe2+,ca2+ ••• ; s=:A.13+,Cr3+,Fe3+... • It 
has a space group I 0, Z=8 {ZB=4) • '!be 
crystal st · refinement work [Ref .1] 
indicates that the A,B catioos and (Si04) gioops 
· the D2, S6 and S4 sites respectively. '1be 

• 

analysis of the normal vibratiooal noie by group 
theory gives for pyrope a total of 237 
vibratiooal IOOdes. Besides the 125 ocn optical 
active IOOdes, there are 17 IR active triple­
degenerated IOOdes of Flu species and 25 Raman 

A 

B 

D 
c 

f' 
G 

K 

J 

active IOOdes. IR s~trun of bas 10 1200 1000 800 600 400 a11 1 
f ta1 viberatiai bands in the 4000- Fig .1 IR spoctn• of 

1 regioo (labeled as A,B, ••• ,k Fig.1). 
Bands{A D) in 1000-850 un 1 Iegioo. and (E--G) in 650- 1 regioo correlated 
respectively with V3 anti-synmetric st viberatioo and V4 tic bending 
viberation of (Si04) tetrahedra. '1be hands below 1, H,I and J,K, IMinly 
correlated with the catiais in a and dodecaMdra respectively [Ref .2,3,4,5] 

• 

'1be f ·es of the bands A G varies with the Si-O bood 1 of 
(Si04)4- tetrahedra. '1be frequen.cy differences (C-D) and (B-(C+D)/2) of bands B,C,D 
are assigned to factor g1oop splitting (B 2Flu) and site group splitting (E­
A+B) respectively. Both factor groop splitting and site group splitting are related 
to octahedral catioos. With the · ing of substitutioo of Cr3+ for A13+, the 

• 

· extent of the synmetry of force field tetrahedroo will increase, 
resulting in the · ing distorticm of the tetr , which will be reflected 
in the increasing of site .group splitting (B-(c+D)/2); oo the other hand, the 
distance between tetrahedra :incl-eases with the substitution, becat1se the radius of 
Cr3+ (=0.615A) is larger than that of Al.3+ {::().535A). So the interactioo. between 
tetrahedra will decrease, rest1Jting in the dect'easing of factor group splitting (C­
D). this theoritical analysis is verified by oor experimental results as follows: 

Sample Cr203 wt% [B-(C+D)/2] QD 1 [C-D] an 1 
BlO 0.02 82.3 27.5 
B7 1.95 83.3 26.0 
B2 6.89 84.8 25.4 
Bl 11.16 85.6 20 
3-1 15.31 85.4 20 

Both (C-D) and (B-(C+D)/2) splittings might also be influenced by the S\lhstitutioo. 
of the cations in dod a. In brief, IR spectroscopic characters of show 
canprehensive informatioo not only about its chemical canrosition but also about 
• I" I 

its structural features. · 

IR analysis -
of pyrope -grains fran diaroondi f ero.1s and barren 

' 
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mantle xenoliths in kimberlite and 
basalt, and difference types of na1-
kimberlitic rocks has been dooe. 
Relaticn of (C-D) splitting vs (B-
(C+D) /2) splitting is shown in Fig 2. It I 

75 

was found that the pyropes whid1 cane ~ 80 
fran dian1Xldifero.1s kimherlites and its N 
dunite xeoolith have low (C-D) values 8 

• and high (B-(C+D)/2) values (; 
ccmparatively. It is cootrary to that l 85 
of the pyropes which care f ran barren - · 
Jdmberlites and noo-kimerlitic rocks. 
'lheref ore IR spectroscopic characters 
of pyt'OpeS provide the infot1natioo about 
the genetic envi raoont of the pyropes. 
Obviously I this teclmique has the\ 
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20 Otl 1 
[C-D] potential as a new method to 

discrjmjnate the source of indicator 
mjnerals in the dianad exploratioo to 
Ccme. 'Ibis work provides the theoretical 
basis of that method. 

Fig.2 [C-D] vs [B-(C+D)/2] of pyropes 
Black point: fran diaDmi ferot1s kb 
& its dunite xeooliths; Circle: fra11 
har·ren kb & OC11-Jdmberlitic rocks 

Ref erenccs · 
[1] Gihts, GV and &nith JV (1965), Am. Mineral., 50: 2032-2039 
[2] K:ore, RK, et al. (1971), Am. Mineral., 56: 54-71 
[3] Tarte, P, (1965), Mem. Acad. r. Belg. cl. Sci., 35: 103-119 
[4] Wang, A (1987), Ph.D thesis, LASIR. Lille, France 
[5] Wang, WY (1988), Master thesis, CAGS, Beijng, China 

~HB D~TERI~lt.iATIOtf OF CO~ISTAN'l' C- Ca/Cb I i~ ~.10SSH1\lJER SPECTRC~SCOFY 

f~AN Xuemin, ZliANG E11lin and LI Yirong; Institute of Geocl1ernistry, 
Academia, Sinica, Guiyat1g 550002, F. R. C. 

The quar1tjtatlve use of MossbauPr spectroscopy is ~esed on 
the formula: 

Sa Ca 
------- (1) 

E'·'o Cb Nb 

where Sa and Sb are the peak areas, and Na and Nb the concentra­
tio11s, of diffe1·ent types of iron ato111s (a)· and (b), respectively, 
and Ca and Ch are tl1e constants which should he related to the 
line widthR, saturation corrections and recoil-free fractions of 
the respective types of the iron atoms. As it is diffjcult to 
obtain the accur·ate valueR of Ca and Ch, in most circumstances 
people assume C~a/Cb 1 • However, it \'vas i--epo1~ted thf~t i11 some 
minerals such as garnets Fe3+ is held more rigidly in its site, 
such that the Mossbauer spectrum appears to have more Fe3+than 
is actually present ( Dyar r~1. D. et al., Amf?r. Mineral. 72(1987) 
792-800). 
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This paper is devoted to the experimental investigation for 
evaluating what the extent is, to which the .coefficients Ca and 
Cb deviate froc one another. For this .purpose four mineral 
samples, ankerite, olivine, andradite and almandite, were col­
lected and then checked by using Mossbauer spectroscopy and wet 
chemical method. It was made sure that the Mossbauer spectrum of 
each sample reveal·s only one doublet, which belongs to octahedral 
site Fe2+ in ankerite Ca(Fe,Mg) (C03)2, to Ml and tA2 site Fe2+· in 
olivine· (Mg,Fe)2Si04, to dodecE-.hedral site Fe2+ in almendite 
(Mg,Fe)3Al2(Si04)3 and to octahedral site Fe3+in andradite 

.Ca3(Fe,Al)2(Si04)3. Thus the total iron content of each sampl.e 
from the· wet chemical method is attributed to the only doublet of 
its Mossbauer spectrum. In order to measure the Ca/Cb ratios for · 
different types of iron atoms, four absorbers, which consiot of 
two different mineral samples each, were prepared: .1. (ankeri te + 
olivine), 2. (olivine+andradit,e), .J. (andradite+almandite), 
4. (almandite+ankerite). For each absorber, Ma and Kb are 
accurately· definite with Na/Nb~l • On the ,other hand, to ensure 
the measurement of Sa/Sb with satisfactory accuracy, it was care­
fully checked that the separations of the peaks in the spectra of 
the absorbers are all larger than 0.4 mm/s. The effective thick~ 
nesses of the absorbers are all about 5 mg(Fe)/cm2 and the 
Mossbauer measurement.a were accomplished at room temperature. 
Obviously, only three ir1dependent Ca/Cb ratios can be obtained 
througl1 ifossbauer meast1rements of the four absorbers. After re­
writing Ca (or Cb) into Cakr for ankerite, Colv for olivlne, Cadd 
for andradite and Calm for almandite and choosing olivine for a 
reference mineral, our results can be shown as follows: 

Cadd . 
-- -0.964(+ 0.025) 
Colv 

Calm . 

--- 0.874(+ 0.020) 
CoJ.v 

Cakr 
-- = 0.828(+ 0.015) 
Colv 

• 

• 

Fig. 1. Mossbauer spectra 
A. Almandite 
B. Andradite 
C. The absorber (almandite 

+ endradite) with 
Nadd/Xalm 1.00 

• 
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MARKOV CHAIN SIMULATION OF THE OCTAHEDRAL STRIP OF AMPHIBOLES. 
Lapides I.L., Lustenberg E.E., Institute of geochemistry, Acad.Sci. 
(Sib.Dept) USSR. Irkutsk, 664033, USSR. 
The cations distribution in minerals is studied with different 
methods. The analysis of infrared hydroxyl spectrum in amphiboles 
gives the possibility to obtain the information about cation 
distribution in 2M and M - positions. The experimental data 

1. 3 

about dependence of cation triads composition from mole 
cations make it possible to suppose the availability 
objective law which contradict the random distribution 
on the positions.The symbol sequence can be used as 
cations sequence. 

f racti\;n of 
of certain 
of cations 
a model of 

There are two extreme possibilities in this case: the hard · 
causal dependence between symbols or their full statistical 
independence. It is interesting to study the correlation between 
the real cation sequences with these extreme variants. 
First and second order Markov's chains {stationary and 
uristationary) were used for that purpose. The simulation of 
concrete sequences (binary variant) has been carried out by means 

~ 

of Monte-Carlo method. For the Markov chains of the second 
order the stochastic simulation has been realized. It is possible, 
in this case, to append the different restrictions (such 
as the correlation between near- and long-range order 
parameters, a chain composition variations etc.) on the 
transition probabilities. The unstationary Markov chains of 
the second order provide the best approximation to the 
experimental data. The number of distributions of chain, the 
Kolmogorov er1tropy an1ong them, have bee1-1 obtained. Tr1e fa!:;ts of 
derivation from the general dependence, the information 
significance of received models have been discussed. 

' 

TIIE SPECTROSCOPY OF NORDENSKIOLDINE FROM CHINA 

Li Dien and Peng Minsheng, Departlnent of geology, Central South University of Tech­

nology, Changsha, Hunan, 410083, China 

Nordenskioldine, CaSn(B03) 2, a rare ortho-borate mineral, was recently found in an 
. 

andradite-diopside skarn belt between carbonate rock and granite in the Gejiu tin deposit, 

Yunnan,' China. The studies in this paper are focused on the electron paramagnetic reso­

nance(EPR), infrared and Raman spectra of the nordenskioldine. 

EPR spectra of the nordenskioldine at 300k and at 77k show a well resolved sextet 

lines due to Mn2+with EPR parameters g= 1.9993 and A= 89.92xl0-ccm-1and the signals 

of Fe3+with g= 4.8213. The EPR signals of Mn2+and Fe3+do not change with rotation an­

gles when the applied magnetic field is parallel to c-axis, which means that Mn2+and Fe3+, 

whose electronic configuration is 3ds, are in the axial sites. According to the EPR 

parameters of Mn2+and Fe3+and the structural data ofnondenskioldine, it is reasonable to 

suggest that Mn2+and Fe3+prefer to substitute for Ca2+in the more distorted octahedra~ 

-431-
• 



• 

• 

ions is 2E"' rather tr10,n 2.:~~· ... ~. ~i1 able 1 lists the oo-
o •6 

served values of the cryst&l fi8ld trruisi tio;.-1 f re:~:.:ei1-

cies and g-factors of cu2+ ions in Bacusi4o 10 . ~ogetner 

.. wi·th the calculated ones using a point charge model. 

2.Similar calculations have been made on dioptase ( 

dioptase are 6-coordinated, as a g.ood appro:dmation, they 
can b.e treated as being Bqt1.are planar coordinated be­

cause R5,R6»Ri=R2=~3= =~~4=R. CaCrSi40 10 is also isostru­
ctural wit~ gillespite.Th8 ground term of cr2+ ions in 

CaCrSi40 10 is expected. to. split. in the same manner as 

that of cu2+ ions in . .3aCusi4o 10 .The calculated results 

for dioptase and CaCrSi 1,0 1 () are also g~ ven in. Table 1 • 
• 

Table 1 ------·--------------------------------
~ransition frecuency(cm-1) 

1\.ssi gnrjen t BaCuSi40:.m Diop·~ase CaCrSit~1'-' lQ -

Obs~ c .~ ~Lc! Obs.3 Cale~* Ob.s.L~ Cale.+ 
-----------~- -----------·~---------~-------~--~--------

12650 

15100 
16500 
18400 

• 

12650 

15040 . 

17600 

gq 2.342 2.342 
g~ 2.063 2.062 

10300 

13050 
15000 
1 2820 

0 

10300 

13348 
15186 

14390 1 Lt.390 
19570 19705 
22080 21970 

*USing 'J<'r2>/R3=0.0456a.u., >J<r4>/rt5=0 .0346 a.u.,and 
~=-5~~0 l_~m-1 

et. u. , 

a.u., 

= 

3.The energy level order determi.ned by the AO~l is the 

· same as that predicted by LFT. 

4.EHMO calculations on a · cuo46- cluster show that the 
uppermost state can be either A ~ g or Eg depending on 

the pareJneter values chosen, but in all cases, the energy 
• 

diffs;:er;.::'F)S between the a 1g and eg orbitals are too 
si:1c:.1 l i .. o ~ccount for the observed spectra. 

1.Lin Cbuanyi et al.,Acta Mineralogica Sinica 2(1965) 
301 (in Chinese) 
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2.W.G.Clark & R.G.Burns,J.Chem.3oc.,(1967)1034 
3.Zhu Hebao et al.,Acta Scientiarum Naturalium Univer­

sitatis Guizhou, ~(1988)193 (~n Chin~se) 
4.H.L.Belsky et al., Am. 111ineral.,.§.2.(1984)771 

Site Occupancy and Local Properties of Fe2• in Orthopyroxenes 

Lin Chuan ·a, Zhang Li, P. Turk, and S. S. Hafner . 
Institute o . Mineralogy, University of Marburg, 3550 Marburg, West Germany 

a per1nanent address: Institute of Geochemistry, Guangzhou Branch, Academia 
S1nica, China 

. Over the past two decades, many studies have been carried out on the electronic 
· state of Fe2+ and its distribution over the Mt and M2 sites in p roxenes. Several 

questions, however, are still open. For example, the 1m112 (C2v model used by 
Runciman et al. (1973) or Goldman and Rossman 1977) to inteiyret the 
optical absorption spectra of orthopyroxenes (OPX , needs confirmation 
because the predicted energy interval between the Fe2+(M2) ground and first 
excited states has never been observed experimentally. In order to test this 
model, four samples of OPX were synthesized at 30 kbar and 900°C, x = 
Fe/(Fe+ Mg) being between 0.4 and 0.8. 

Lattice constants were determined using 16 unambigously identified reflections 
for each sample (Table 1 ). . . 

Table 1 Latice constants of 4 synthetic orthopyroxenes 

OPX3 0.4 18.309 4 8.929 1 5.213 3 852.30 
OPX4 0.5 18.328 3 8.945 2 5.218 2 855.36 
OPXS 0.6 18.345 3 8.972 1 5.224 2 859.84 
OPX6 0.8 18.372 5 9.009 3 5.229 3 865.41 

• 

Mossbauer spectra of 57Fe were taken at temperatures between 4.2 and 78 K 
and 295 K to study the thermal shifts, TS, and temperature dependence of 
nuclear quadrupole splittings, QS, at Mi and M2. The data were interpreted in 
terms of crystal field theory, assuming a pseudosynrmetry mm2 and an effective 
axial sy1nmetry for the crystal field at M2 and Mi, respectively. Predicted signs 
of Vu for Fe2+ at both Mt and M2 are positive. For Fe2 at M2, calculated values 
of the asy11nnetry parameter and the predicted orientati_on of the EFG principal 
axes system with respect to the cr~1·stallographic axes system are also given. 
These results may be compared with those obtained from single crystal 
Mossbauer data of a natural enstatite Mgo.86Feo.14Si03 (Stanek and Hafner, 
1988). 
In order to obtain information about the temperature dependence of the Fe2+, 
Mg distribution over Mt and M2, heating experiments were carried out under 
controlled conditions: (i) 60QoC, using a sealed gold tube filled with N2, P = PNi 
= 3 bar, 72 h to 3 weeks; (ii) 600°C, P = PH20 = 1 kbar, in a Morey autoclave 
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using a Ag-Pd tube (inner tube, filled with sample and a small amount of water) 
and a gold tube (outer tube, filled with Fe-Fe3Q4 buffer and a certain amount of 
H20), 72 h to 3 weeks. Conclusions on the kinetics of the Mg, Fe2+ exchange in 
the lower region of effective temperatures will be presented. 

J. Stanek and S.S. Hafner, H erfine Interactions, 39 (1988) 235-252. 
W.A. Runcirnan et al., Am. ineral.,58 (1973) 444-450. 
D.S. Goldman and G.K. Rossman, Am.Mineral., 62 (1977). 
151-157. 

GENERATION AND DEGRADATION OF PARAMAGNETIC CENTRES 
IN NATURAL QUARTZ 
Lutoev V.P. · 
Institute of Geology, Komi Scientific Centre, Ural 
Division, USSR Academy of Sciences, Oplesnina 2, 
-167610, Syktyvkar, USSR . 

. 

There are many electron-hole centres in quartz using 
in mineralogical aims. In order to make them detectab­
le it is necessary to transfer them in paramagnetic 
state, but this process depends on history and genesis 
of the sample. The oxygen-hole Onm--R+ (1,2] and modi­
fied aluminum centres [3] which structure is still 
unsufficiently understanded are of great interest. We 
attempted to find a general tendency of generation and 

• 

·degradation of the set of paramagnetic centres in ba-
sic types of quartz crystals alpine veins of Ural 
deposits. 

The investigation ·was carried on single crystals by 
• 

EPR at 77 K and 300 K. The generation and degradation 
of paramagnetic centres were stimulated by gamma-ra­
diation of Cs-source (0-108 Gy) and cyclic isochrono­
us annealing on air (75-720 K). Stable centres were 
studied only. After every step radiation or annealing 
the set and contents of paramagnetic centres were 

· recorded. 
It is possible to select three type of the . quartz 

crystals of the region: smoky, smoky-citrine and cit­
rine, amethists. The colourless radiation-resistant 
crystals are geneticaly a~sosiated with amethist and 
similar to it. Ei'-, E2~-, E,·'-, [Ge(E1'))-, [AlQ4]­
centres have the same level of contents in all species. 
The content of [Ge(E2')H+], [Ge(A,C)Li+] and modified 
aluminum centres B in the second type of crystals is 
significantly higher and content of Onm--R+-centres is · 
hihger in smoky quartz. [Al04LiH]-, ·[Ti(A)H+ ]- centres 
and modified aluminum centres A are typical only for 
citrines and smoky-citrines crystals. Iron centres 
Fe8+I, Fes+s1, FeS•S2 are present only in amethists 
and amethist-like crystals. 
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Two intervals of radiate aeneration or centres was 
fixed. The generation and the following radiation­
induced degradation of i~purity-related electron cent-
res, [AlQ4]- and [AlOLiH]-centres took place De~ore 
dose of · 106Gy was · accumulated. The general scheme [4] 
describes this .process. 

Further radiation caused the radiation-induced 
degradation of [AlQ4]-, [Al04LiH]-centres and the in­
crease of contents of E2'-, Onm--R+ -, modified alumi­
num cetrne s . 

The annealing stimulated monotonous degradation of 
electron E2'-, E4'-, [Ge(A,C)Li+]-, [Ge(E2')H+)-, 
[Ti(A)H+) and hole [AlQ4]-, [Al04LiH]-centres. The 
degradation of these hole centres was accompained by 
the increase of Si and Ge Ei'- , Onm--R+- and modified 
aluminum centres content. 

Hence the generation of paramagnetic state of 
Onm-R+ and modified aluminum centres has two stages. 
The radiation stimulates formation of hole deep traps 
located on their pre-centres. It is possible that this 
process proceeds by a loss of protons. At further ra-
diation or annealing these traps re-capture the holes 
located on the aluminum centres. 

Obta.ined data give a possibility to pick out opti­
mal conditions for the influence on quartz of various 
genesis. Though the radiation dose or the annealing 
temperature required for detection of maximal content 
of paramagnetic centre varied, the variation was a 
little for samples of the same quartz crystal type. 

Reference: . 

1. Bershov L.V., Marfunin A.S., Speransky A.V. A new 
stable radiation center in quartz.-Int.Geol.Rev. 
(1980), v.22, N.10, p.1225-1233. 
2. Orlenev P.O., B.M. Moiseev New paleodosemetric 
centre in natural a-quartz. - Doklady AS USSR (1985), 
v.283, N.5, p.1274-1277 - in· Russian. 
3. Mashmeyer D., Nieman K., Hake H., Lehmann G., 
Rauber A. Two modified smoky quartz canters in natural 
citrine.-Phys.Chem.Minerals (1980),v.6, N.1, p.145-156. 
4. Weil J.A. A review of electron spin spectroscopy 
and its application to the study of paramagnetic 
defects in crystalline quartz.- Phys.Chem.Minerals 
(1984), v.10, N.1, p .. 149-165. 

DETERMINATION OF T~ACE ELE~fENTS IN ROCKS AND SOILS BY 
X-RAY FLUORESCENCE SPECTRO~fETRY 

-
f.fAO Huixin and ZHANG Mengqtln 

• 
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Center of Materials Analysis, Nanjing University 
Nanjing, . Jiangsu 210Q08, . People's Republic of Cl1ina 

Based on the matrix co r rection reported by R. C. 
Re~rnolds, the authors ha-v·e succe s sft1ll)'· resolved t he 
determination of 26 trace eleme nt s (pp m) wi t h the 
calibration ct1rv·es obtained f' r om the measu re me n t of . 

standard samples and the regr e ssion a nalysis o f their 
results on the X-ray fluo~ e scence spectrom e ter 
''Shirnadzu VF-320''. 

. 
T h e m e a s tt r e d 1 i n e s o r- a n a 1 y z e d e 1 e m e n t s a r e 

usually overlapped by some interfering lines of other 
elements contained in tl1e sample, for example 

AsK~(~=l.177A) by PbL~ (~=1.175A), 
Y Koe(>t=0.830A) by R.bK,41 ( ~ =0.829A), and 
NbK~(A=0.7_48A) by Y K~ 1 (A=0.741A). 

The elaborate and efficient st1btraction for · these 
overlapped peaks has been studied and the good 
calibration curves have been obtained for all 26 trace 
e 1 e m e n t s • I t h a s a 1 s o· f u 1 1 e d u p t h e f u n c t i o n 

• • 

deficiency of the software in VF-320 computer. 

The specimen preparation technique has been 
improved as well. About 4 grams of each sample ground 
to 200-mesh powder "·as pressed into briqt1et te, then 
the trace elements can be measured · sttccessively on th~ 

• 

briquette .. The expense for this specimen preparation 
has been reduced to the minimum value. These measured 
elements are Co, Ni, Cu, Zn, · Ga, As, Rb, Sr, Y, Zr, 
Nb, Mo, Sn, Sb, Ba, Hf, W, Tl, Pb, Bi, Yb, Th, U, Fe 
and Ti, Mn 'as well. 

SPECTROSCOPIC INVESTIGATIONS OF TOURMALINES 
R.I.Mashkovtsev, I.I.Urosov. Institute of Geology and 
Geophysics, Siberian Branch of the Academy of Sciences 
of the USSR, 630090, Novosibirsk, USSR 

Natural and synthetic · tourmalines were investigated 
by infrared, optical and ESR spectroscopy. 

Series of synthetic samples were investigated be­
ginning from alkali-free alu.minic tourmalines up to 
alkali Fe- and Mg-rich tourmalines. With the substi­
tutions of Al ions in Y and Z octahedra by Mg or Fe 
ions systematic changes in IR spectra of OH groups are 
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• observed. Frequencies of the valence band vibrations 
of OH1 and OHII draw together and finally make one 
asymmetric and wide band. 

Study of natural elbaites showed that by isomorphi• 
• 

substitutions in octahedra the valence vibrations . of 
OHII groups display the one-mode behaviour type, and 

. two-mode behaviour type is observed in ORI valence 
vibrations. 

Colourless elbaites frequently turn yellow after 
gamma irradiation. In this case paramagnetic centers · 
(PC) on defects of the structure are observed. One PC 
has g// = 1.994, g.1 = 2.ooa and relates to a vacancy 
in OHI position coordinated by three nearest-neighbo~ 
ur Al ions as indicated by hyperfine structure of ESR 
spectra. The hole type cent er with g// = 2.05·6, 
g.1 = 1 · .997 is localized on oxygen ion. The yellow el­
bai t e shows absorption band at 635 nm, which is ten­
tatively ascribed to hole PC • 

• 

• 

FeJ+ DISTRIBUTION 
SUKINDA MANTLE. 

IN CHROMITES AND THE EVOLUTION OF 

Sachinath 
D~partment 

University, 

Mitra, Tapan Pal 
of Geological 

Calcutta - 700 032, 

. 
• 

and Taraknath Pal, 
Sciences, Jadavpur 

India. 

Massbauer spectroscopy and magnetic studies 3+ on 
r1a t ural eh r·omi tes have shown that i) a part of Fe 
i ()ns may al so occupy the A-site (tetrahedral) 
cesulting an inverse spinel structure and \i) the ~+ 
.sit E: ( oct al1edr al 1_ may characterised by l:'e + "# Fe 
"~ 1 e c t r on t1 opp i n g • Mass b au e r i n vest i g at i ons on two 
r: h1-c;mite ores from bro\.Jn and grey ore horizons of 
~· , i.Jki nda complex, Orissa, revealed that ·t2.f brown ore 
is cha5~cter ised by the occupancy of Fe in A-site 
and Fe is distributed in B-site as well as in A­
site. 3*he grey ore is chara3~erised by total absence 
~f Fe in A-site, whil2+Fe is exclusively located 
at B-site along with Fe with t~e conse~¥ent accom-
[)ar1ying electronic transition Fe T ~ r.,e , whic~h is 
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discer~able by Ml'.1ffbauer SPf-t-<;:troscopy. The Mo.ssbau~r 
parameters of Fe and Fe at A- and B~s1tes in 
these two chromite types are as below : 

Fe 3 + (B) 
C.S. Q.S. 

Fe 2+(A) Fe 3+{A) Fe 2+/Fe 3 + a 
0 

C.S Q.S. C.S. Q.S. 
Brown 
ore 0.23 0.46 1.28 0.47 0.16 1.08 0.189 8.284 

Fe 3+(B) Fe 2+(A) Fe 2+ ~ Fe 3+(B) 
C.S. Q.S. C.S. Q.S. C.S. Q.S. 

Grey 
ore 0.19 0.54 1.08 0.34 0.89 1.37 0.890 8.270 

Where a is a - cell parameter measured from XRD 
lines anca corrected by 3+ the 2+Nelso~1 - R~ley 
extrapolation function. Fe : Fe ratio detern11ned 
by Lorentzian curve splitting of tt1e Mossba uer 
spectra and the chemical data led to arrive at the 
formula of the brown ·ore and grey ore chromites 
respectively as : 

3+ ·.2+ 
(Mg3.949 Fe 3.872 Fe 0.214 Ca0.014 Na0.009 K0.003) 

l CrS.765 
3+ 

Fe 8.679 All.400 S i 0 • 116 T i 0 . 0 3 2 N i .0 • 0 0 8] 

and 
• 

3+ 
(Mg6.489Fe 0.779 

2+ . 
Fe 0.682 Cao. 024 

[ C 
~ 3+ 

· rl0.982 Ee 0.412 F 2 + Al 
e 0.415 · 2.992 

• 

Si0.822 Ti~.147 Ni0.230] 032 

• 

Compared to those of grey ores of chromites, the 
brown ore is coarser in size ( ~ 5 mn1 acr~s) and has 
higt1er er-content, total Fe as well as F'e and lower 
cor1tent of Ni & Al. With decrease in temperaure the 

va1-iot1s buffers. The brown ore formed a high f0 2 
cor1d it ion is presumed to have evolved at the lower 

-part of mantle and with slow rate of cooling at 
t1igher temperature compared to the ma11t le melt 
crystallising the grey ore. 

The authors conclude that there was tectonic 
' 

inversion during the magmatic e~placernent i.n the 
folded basin of the Banded I ron-Forn1a t ions (Arc he an 
in age) whereby the mant.le rocks hosting brown ores 
were einplaced earlier than those accompar1ying the 
grey ores, although any such spati~l relationship is 

-
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not observed because of extensive lateritic cover . 

• 

1 . 
GaJ.vao da Silva, E.et al. (1980lAppl.phys. 22,389 . 

• 

TWO DIMENSIONAL CHEMICAL STATE IMAGING OF MINERALS BY 
SELECTIVELY INDUCED X-RAY FLUORESCENCE ANALYSIS 
Izumi Nakai, Department of Chemistry, University of Tsukuba, 
Ibaraki, 305 JAPAN, Akira Tsuchiya•••a, Colle e of General Educa­
tion, Osaka University, Toyonaka-shi, Osaka 60, Ritusro Miyawaki, 
Ceramic Technology Department, Government Industrial Research 
Institute, Nagoya Kita, Nagoya 462, Japan 

Knowledge of chemical states of elements and distribution of 
trace elements in a mineral is important to study origin of the 
mineral and its formation condition. Several s ectroscopic methods 
such as Mcesbauer spectroscopy, X-ray an optical absorption 
spectroscopy have been often used to examine the chemical states 
of elements. However, these methods do not provide two dimen­
sional data. Recently, a new XRF (X-ray fluorescence analysis) 
technique based on the selective excitation of specific chemic l 
species by tunable synchrotron radiation (SR) was developedl • 
This paper reports ) the first application of this technique to 
geological problems2 • Advantage of the SR-XRF technique in 
trace element analysis is also examined in this study. 

SR~XRF measurement was made at BL-4A at Photon Factory, 
Tsukuba, utilizing an XRF system with Si(Li) detector. Monochro­
matic X-ray with desired ener y and beam size was obtained with 
Si(lll) double crystal monoc romator and a slit system. Two 
dimensional analysis was carried out by scanning ·a sample on a 
computer controlled XZ stage normal ·to the orbital plane of SR. 

Samples used are pseudomorph of goethite after pyrite and 
two chondrites: Allende and Murchison meteorites. Ref ere nee 
samples as standards for iron in ·various oxidation states include 
Fe metal, FeS2, Fe304, FeOOH, Fe2Si04, olivine and YFe03. 

XANES spectra were measured by X-ray fluorescence detec­
tion. Fi ure 1 shows Fe K-ed e absorption spectra of iron (FeO), 
pyrite Fe2+) and goethite(Fe +) indicating chemical shift of the . 
absorption edge depending on their oxidation states. Accordingly, 
if a sam le is ex.cited at 7112.3eV, metallic iron is mainly excited, 
and at 117 .O ke V, both FeO and Fe2+ are excited while at 
7598.9eV, total iron should be excited. The pyrite/goethite sample 
was excited at the latter two energies and the meteorites were at 
the three energies. 

An isolated image of . each oxidation state of iron is obtained 
by a subtraction of two data measured at different energy 1). 
The results are shown in Fig. 2 a and b, where Fe concentration 
corresponds to 16 degree of darkness (black is the highest con­
centration). Fig. 2a indicates distribution of divalent Fe, which 
corresponds well with pyrite, while Fig. 2b indicates trivalent iron 
correspondin to goethite. Figure 3 shows 'an example of the 
analysis of A lende meteorite indicating djstribution of FeO + Fe2+. 
Two dimensional distribution of trace elements, Cu and Zn was also 
measured. A separate SEM-EDX analysis using the same sample 
showed that the chondrule is rich in Mg, Si, the inclusion is fine 
grained CAI and matrix is rich in Fe and Si. The present· analysis 
indicates that Cu and Cr are concentrated at the region rich in 
metallic · Fe, while Zn is in the fine grained CAI. 

-440-



• 

• 

• .. 
This study has demonstrated the capability of chemical state 

imaging and trace elements analysis of geological samples by the 
SR-XRF technique. This method is truly nondestructive and has 
therefore more advantage over electron microprobe because it does 
not require any pretreatment of sample such as carbon coating 
and is suitable for analysis of sam les containin water. 
1 K. Sakurai et al. Jap. J. Appl. P ys., 27, L176 (1988). 
2 I. Nakai et al. Photon Factory Activity Report #6, 141 (1988) 
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Fig. 3. Distribution of FeO+ Fe2+ in 
allende meteorite. 57x40 points, 
0.13x0.13mm2 beam, O.lmm step, 

· 2sec/point.a:CAI, b:chondrule. · 

(a) 

J -

(b) 

Fig. 2. Distribution of (a) 
Fe2+ and {b)Fe3+ in pyrite/goe­
thite. analyzed points 47x59, 
beam size ea. O. 2x0. 2mm2, 
0.2mm step, and 2sec/point. 

COLOUR CHANGES IN PREHNITE 
G.S.Nazarova, B.A.Ostashenko ,0.Yu.Shilova. Institute 
of Geology of Kami Science Centre of Ural Department 
of Academy of Sciences, Syktyvkar, ; v·. Ya. Mi trofanov. 
Metallurgy Institute of Ural Department,Academy of 
Sciences,Sverdlovsk; L.D.Zaripova.Kazan State Univer­
sity,USSR. 
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Prehnite (Ca2Al2Si301o(OH)2) of some deposits and 
the North Timan in particular acquires more saturated 
green colour after radioactive · irradiation and anneal­
ling /1/. Moreover the ennobling mineral capacity per-
mits to increase jewellery raw materials yield from 3 
to 60 per cent.Therefore it is important to ·solve the 
problem of profitability of some deposits in the case 

• 

of more qualitative ennobled raw materials receipt. 
At the present time the expansion problem of methods . 

series on unstandart natural raw materials ennobling 
becomes more actual in connection with the consider-. 

able decrease of natural semi-precious stones reserves. 
To solve the problem, we have investigated the colour 
nature of prehnite by the complex of spectroscopic 
methods (infra-red spectroscopy, electron .paramagnetic 
resonance, Mossbauer spectroscopy, differental thermal 
analysis~ and suggested the model /2/ allowing to 
describe all colour range diversity of prehnite of 
various ~eposits. 

The natural light-green colour is caused by 
weak exchange interaction Fe2+ in canal (Fecan2+) and 
octahedral Fe3+ (Feoct3+) and by the border 
of 02-,oH- Feocts+ the transfer band getting into 
the visible region. A more saturated green colour in 
the course of ennobling is obtained at the expense of 
gap contraction between 02-,oH- •sFeoct3+ the charge 
transfer· band and the band which is caused by 
Fecan2+ - Feoct3+ exchange interraction. After having 
been irradiated some part of Fecan2+ converts to 
Fetetrs+ which is also confirmed by 745 nm band 
appearing in X-ray fluorescence spectra at 77 K 
belonging to radiation of ion Fe3+ in tetrahedral 
coordination. In the result 02- Fetetrs+ the 
charge transfer band is put on 02-,oH-.Feocta+ band, 
that leads to long-wave displacement of 02- Feocta+ 
the charge transfer band. border. The band , 
caused by exchange, shifts to short-wave region 
still stronger at increasing irradiation dose. 

It testifies to the fact that Feoan2+ Fetetra+ 
the part of ions is increasing as the irradiation dose 

• rises. 
• 

Therefore, at irradiation 
Fecan2+ + h~ PF8tetr3+ + 

(O- axial symmetry centre with 
g ll :;: 2 . 0 19 6 + - 0 . 0 0 18 ' gl. = 2 . 0 0 5 0 + - 0 . 0 0 18 is 
spectra) .. 

At subsequent annealing 

o- . 
parameters 

found in EPR 

Feo t3+ Feoot2+ · Fetetr3+ + 0----4 ... Fetetr+ + 02-, 
+ h f1u. 

The colour 
prognostication 
characteristics 

model permits to devise the 
signs of ennobled colour from 
of natural raw materials. As 
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shown in /3/ the signs permit us to 
perspective of some deposits as regards 
ennobled raw materials by the method /1/. 

Reference. 

judge 
to 

about 
• receive 

1. Nazarova G.S.,Ostashenko B.A.The colour change me­
thod of minerals.Author's certificate 1117344 USSR: 
MKI4 C 30B33/00 ·' 29, 1984. (Russian). 
2. Nazarova G.S., Ostashenko B.A., Mitrofanov V.Ya., 
Shilova O.Yu., Zaripova L.D. The receipt method of 
jewellery prehnite colour.Preprint. Geology Institute 
of Komi Science Centre of Ural Department of Academy 
of Sciences Syktyvkar,USSR, 1988.(Russian). 
3. Nazarova G.S., Ostashenko B.A., Mironova N.A., 
Shilova O.Yu., Mitrofpnov V.Ya. Author's certificate 
1517536 USSR. MKI44G01N24/10. The determination method 
of prehnite quality used in jewellery industry.(Russian). 

POLARIZED RAMAN SPECTRA OF BERYL AND THE STRUCTURAL STATES 

OF HYDROGEN IN THE BERYL 

Peng Minsheng, Department of Geology, Central South University of Technology, 

Changsha, H11nan, 410083, China 

H.K. Mao, R. Hemley, T. Hoering, Geophysical Laboratory, 2801 Upton Street, 
• 

Washington D.C., USA 

Li· Dien, Department of Geology, Central South University of Technology, Changsha, 

Hunan, 410083, China 

Polarized Raman spectra of different color beryls including aquamarine, emerald and 
• 

chrysoberyl have been presented in this paper. In combination with Fourer Transform 

Near Infrared spectra (FT-NIR), the structural states of hydrogen in the beryls have been 

studied. 

The spece group of beryl is P6 I mcc-D6hwith Z = 2, which means that its factor 

group is D 6h. The site groups of Be, Al, Si and 0 are C6, D2, C2and C1respectively. The fac­

tor group and site group analyses indicate that there should be 22 infrared active modes 

and 24 Raman active modes which can be seen in the vibrational spectra of beryl. 

Polarized Raman spectra of the beryls have been recorded at room temperature. The 

results show six prominent peaks at 1068(vs), 688(s), 393, 354, 318 and 221cm-1in the Je 

direction and at 1073, 1009, 683(vs), 397, 317 and 212cm-1in the No direction. The t ~;o 

stronger peaks at 1086 and 688cm-1are attributable to the Si-0 stretching vibration and 

(Si60 18) ring symmetrical stretching vibration respectively, whose vibrational 11:1odes are 

A11• In addition, a sharp single peak at 3608cm - 1can be seen in the polarized Raman 

spectra of all beryl samples. The frequency of the peak in the Ne direction are almost the 

same as that in the No direction. This peak should belong to the stretching vibration of 

0-H group. 
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FT-NIR spectra of the beryls indicate the existence of two types of water in beryls, 

whose wide and strong peaks are in 3670-3400cm-1and weak peaks split into three com­

ponents lie in 5446-5083cm-1• The first overtone of the water can be seen in 

7494-6800cm-1• Besides, the sharp stretching vibration peak of 0-H group can be seen at 

3225-3216cm-1, whose combination frequency band is in 4800-4600cm-
1
• These results 

indicate the substitution of Al3+oH- = Si4+02-in the Si-0 tetrahedra so that the electric 

charge can be balanced. That is to say, there are two forms off our- and six-coordinated 

AI3+in the beryl and the 0-H group occurs in the Si-0 tetrahedra. Therefore, the Raman 

peak of o-a stretching vibration at 3608cm-1do not change with the orientation of the 

beryl. 

• 

A STUDY OF IR AND SPECTRA OF CHRYSOTILE 

Peng Tongjiang, Wan Pu, Sichuan ·Institute of Building 
Materials, Mianyang, Sichuan 621002; Zhu Zizun, Xi'an, 
Shaanxi 710054, People's Republic of China 

• 

·Eight samples of chrysotile, from Xiaobabao Mine, 
Shuangchagou Mine and Xiaoheicigou Mine, Qilian County, 
Qinghai Province, have been studied with infrared and 
Raman spectroscopy. 

According to th~ work of Far1rter et al, the tetra­
hedral sheet and the octahedral sheet in the structure 
unit layer of serpentine can be considered as rn~tually 
independent entities. In th~s study, we have carried 
out the factor group analysis for the vibration spectra 
of these two kinds of sheets in serpentine . 

• 

• 

In ideal conditions, the symmetry of the tetra­
hedral sheet is C6 v, and that of the octahedral sheet 
is C~v . The tetrahedral sheet and the octahedral · 
sheet are divided into Bravais primitive unit cells 
with composition of [Si~05 ] and [Mg

3
(0H)

4
] respec-

Table 1. Nor1c1al Mode Distribution and Selection Rules 
for the Tetrahedral Sheet [Si2 05] 

• 

Symmetry Al A2 Bl B2 El E2 
• spec.ies .. 

Total • • 

modes 3 0 3 1 4 3 
Acoustic 

• 

modes 1 0 0 0 1 0 
Translational 

• 

modes 2 0 3 1 3 3 
Selection - IR & IR & Raman 

rules Raman • Raman 
• 
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tively. 

The 
shown in 

results 
table 1 

of 
and 

the 
2. 

factor group analysis are 

Table 2. Normal Mode Distribution 
for the Octahedral Sheet 

and Selection Rules 
(Mg

3 
( OH)

4
] .· 

Symmetry species Al A2 E 
Total modes 8 3 11 
Acoustic modes 1 0 1 
Translational modes 4 2 6 
Rotational modes 1 1 3 
Internal modes (OH) 2 0 1 
Selection rules IR & Raman IR & Raman 

Sixteen absorption bands (or shoulders) of chryso­
tile were deter1nined irt the IR spectra f ram 4000cm-1 

to 200cm-1, and eighteen absorption bands of chrysotile 
were deter11tined in the Raman spectra f rem 4000cm-1 

to 8Scm-1 , which basically coincide with ·the results · 
of the factor group analysis. 

The absorption bands of the IR and Raman spectra 
of chrysotile were assigned according to the results 
of the f or1ner studies and our factor group analysis. 

The IR and Raman absorption band intensity ratios 
of outer and inner hydroxyl groups are respectively 
3.16--4.03 and 3.8--5.7. These values are bigger than 
the ideal value 3, which is probably due to the for1na­
tion of the hydrogen bond between the structure unit 
layers. · · 

The studies show that the frequencies 
absorption bands E ( lOBOcm-1 ±), F ( 1020cm-1 

G ( 95 9cm-1 ±) in the IR spectra are obviously 
with the isomorphous substitution ions. 

of the 
±) and 
related 

With the increasing of the number of Al3+ and Fe~+ 
ions, the frequencies of the E and F bands decrease, 
but the frequency of the G band increases. These 
changes ·inf ltience the resolution of the F and G bands . 

• 

• 

A STUDY ON THE INFRARED SPECTRUM OF BAIYUNEBOITE-(Ce) 

PENG Wenshi and LIU Gaokui, Institute of Geochemistry, 
Academia Sinica, Guiyang, Guizhou 550002, People's 
Republic of China 

A new mineral-fluor-carbonate-baiyuneboite-(Ce) 
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occurs in Fe-Nb-REE ores in Baiyun-obo, Neimenggu. Its 
chemical formula is NaBace2 (F/(C03 ) ] and the space 
group belongs to D -P6 /mmc, Z=2. n the structure, 
eight co2-ions are ivied into two unequivalent sets 
with dif erent lattice environments and different c-o 

• 

bond lengthe~.but the same site symmetry, c3v. 
Free co~ ion has D h molecular symmetry. It has 

four normal vibrationa modes, two of which are non­
degeneration modes ( V. and V2 ) and the rest are double 
degeneration modes ( V.a and V..q. ) • Of these modes' only v~' 
V-a and Y.+ are IR active. The correlation analyses for 
co~-ions in baiyuneboite-(Ce) indicate that under the 
c 3v symmetry the site group splitting doesn't occur but 
v, mode becomes IR active, and that although there are 
more equal co~-ions in the primitive cell the factor 
group splitting can not exhibit either, bacause the 

~ symmetry center divides it into two group-IR active and 
Raman active. However, two unequivalent sets of co3-
ions make all nor1nal modes appear in the form of double 
bands. It is evident that theoretical results are in 
good coincidence with the measured spectrum (Fig. 1). 

• 

• • • 

• 
• 

·-
• 

v, 

• 

.• ,. ·-
~ • 

1600 1400 1200 1oon 

Fig. 1. Infrared spectrum 

.. .,. 

• 

• 

, .. 
.. 

AN 600 4ft0 c• • 

of baiyuneboite-(Ce) 
The normal coordinate analysis has been ea r·ed out 

with the GF matrix method presented by Wilson 1 • For 
the vibrational mode of E Class of· co5-ion the ele-
ments of th matrix and F matrix (U-B si~plif ied 
force field 1 ) are given as follows: 

FJ =K+0.625F, F 4=F43=-0.225/3rF, F44=r2(H+0.325F). 
After itting calcu ations, we can obtain the following 
force constants and calculated frequencies: 

force constants(md/!) calculated frequencies(cm-1) 
2_ K H F ~ \)~ 

CO~(l) 5.22 0.40 1.62 1401 . 685 
COj(2) 5.80 0.39 1.90 1469 718 

Potential energy distribution can provide an objec-
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tive judgement for the band assignments. Under the 
normal coordinate, the normalized potential energy 
distribution can be expressed as Via=F·iL~ /A.a· Here 
is the potentail energy distribution ol cOt" ion of bai-
yuneb~_i te- ( Ce) : 

2
_ 

co3 (1) ~ ~ co3 (2) V3 \),.,_ 
0.81 0.06 

S4 0.20 0.93 s4 0.19 0.94 
Because s 3 comes from the operation of the projec­

tion operator on bond length and s 4 results from the 
operation on bond angle, the assignements of V3 and).)4 to the stretching vibration and bend vibration are 
approximately reasonable. 

Reference 

1. Woodward, L.A., Introduction to the theory of mole­
cular vibrations and vibrational spectroscopy, 1972, 
Oxford University Press, London, pp. 71-225. 

' 

HYDROXYL AS IR-PROBE IN MICAS: VACANCIES IN OCTAHEDRA AND 
DISTRIBUTION OF ALUMINIUM IN TETRAHEDRA. 
Ponomaryov B.G., Lapides I.L, Geochemistry Institute, Academy of 
Sciences of USSR, Siberian Branch, Irkutsk, 664033, USSR. 
The fine structure of hydroxyl IR-spectra .of micas is affected by 
short range cations. It is the cation substitutions in nearest 
three octahedra and six tetrahedra of pseudohexagonal ring that 
make a main contribution to variations of the features of hydroxyl 
ion vibrational motion . ·This fact gives a chance, in principle, to 
investigate the silicium substitutions in tetrahedral sheet and 

. 

cation site occupancy in octahedral sheet,in particular, to obtain 
the data about ''molar fraction'' of octahedral vacancies. Vedde1 .. 's 
model is improved to solve these problems. To resolve the observed 
spectra into ''individual components'' the spectrum-oriented 
curve-fitting procedure UPEAK [Zlokazov,1977] ~as selected and 
arranged for IR-spectrum processing. 
I. A ratio k /k , where k. (i,=N,x,v) - abso1~ption coeff.icient of 

V N i. 

N-, I- and V-peaks, has been estimated as 10±2. This fact in 
combination with k /k =1.8 [Rousseaux,1973] gives possibility to 

I: N . 
• 

obtain the molar fractions of octahedral vacancies of micas. 
IR-spectra of 19 biotites of varying · chemical compositions were 

recorded in the OH-stretching region (4000-3000 cm-1
) and processed 

in correspondence with this model. The results are compared with 
those derived from the chemical analysis. 
II. A model for resolving of phlogopite OH-stretching spectra is 

. • 2+ 2+ 2+ justified. According to it each N-peak arisen from the OH-R R R 

g1 .. oupi11gs would be represented by triplet with ~v ~ 8 cm-1 due 
i,.2 
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to the amount of possible patterns 

IR-spectra of 13 phlogopites R3 +=0 
VI 

of tetrahedral environment. 
; 0. 7 s Mg ~ 0. 9 

M F 2+ 
g + e 

were processed. Our results shows that: 
a) processing of spectra with new model is better as for all the 
parameters of comparison. 
b) no short range ordering of octahedral cations has .been 
detected (within the magnesiality range studied) 
c) relative fractions of tetrahedral rings with one Al and 

IV 

t·r1ose wit~ two Al xv reg11lar ly depend on both the type of the 

corresponding octahedral cation triad and molar fraction of Fe:; . 
• 

'l'IIB 'l\R.tlNSl!~l:Uil.ATION Oli' 'rHE SOLID SOLUTION OF THE GREAT 
CAUCASUS Ml!.~AMORPHIC AMPHIBOL"ES 
Poporadze N.G., Department of Geology, Georgian Poly­
tecbnjc Institute, 77 Lenin Street, 3800?5 Tbilisi, 
USSR 
Nowadays great attention is paid to disintegration of 
solid solutions of rock-~orming minerals. There are 
many cases when the mineral phase .homogeneous under a 
set of conditions, got into another one, disintegrates 
into the parts of different composition. 
By means of the profile micro X~ray spectral analysis 
and ·the electron microscope are revealed the plane iso­
la tions~lamellae, being the product of the solid solu~ 
tion disintegration in the separate grains of the 
great Caucasus metamorphic a.Iilphiboles. The homogeneo­
us amphibole, i.e. a one-phase is crystalized at the 
initial stages of the metamorphism process and it un~ 
dergoes a phase transformation at the temperatures be­
low that of solvus in the cou:rse of further cooling. 
We have studied the chemical .composition and struc·ture 
of the solid solution disintegration of hornblende~cu­
mmingtoni te, hornblende~actinolite hornblende, hornb­
lende~actinolite and anthophilite-aotinolite in the 
great Caucasus metamorphites in the connection with 
the process of their formation. 
The solid solution disintegration of anthophilite-ao~ 
tinolite, hornblende~cummingtonite occurs by means of 
heterogeneous germ during the uneven t~ansformatian, 
hornblende~actinolite hornblende by homogeneous germ.t 
but hornblende~actinolite occurs by the spinodal mecha 
nism with the gradual transformation. 
The processes of the solid solution disintegration 
hornblende-cummingtonite, besides the. free energy re­
duction occur by the changing of the cation sizes in­
to the position N4 between the parts rich and poor in 
calcium. When the te~perature lowers Fe, Mg give the 
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position 144(Ca plaoa) a noticeable preference and ma­
ke a~ 11 ttle part in the positions 141 ,M2 and M..;. During 
the solid solution disintegration hornblende-actinoli­
te, hornblende-actinolite hornblende the replacement 
of Fe, Mg by Al in the positions M2 and Si by Al ·in 
the tetrahedral positions take place • 

• 

THERMOELASTIC MARTENSITIC TRANSFORMATION BETWEEN HIGH­
LOW CLINOPYROXOENES 

Geology and Mineralogy, Faculty of Science, Kyoto 
University, Kyoto, 606, Japan 

Ca-poor clinopyroxenes in the common pyroxene 
quadrilateral have a P21/c structure at low 

-temperature. On heating, they undergo a rapid 
displacive transition to a C'2/c structure, which cannot 
be quenched. In situ experiments by use of high 
temperature X-ray techniques have been carried out 
mainly on the crystal chemisry of the pyroxenes. 
However, the nature of the transition has not been well 
understood . Recent 1 y, a new heating stage was 
constructed for high temperature transmission electron 
microscopy (HTTEM)(l]. A furnace of the heating stage 
f .or a 200kV TEM (HITACHI H-700) · was attached to a 
double-tilting side-entry specimen holder. The 
temperature is controlled by the wattage of the coil 
heater, and the maximum temperature of a specimen 
position is about · 1300°C. In the present study, the 
P21 I c-C2/ c transition was studied to elucidate its 
nature using the HTTEM. 

The following three kinds of specimens (single 
crystals) were prepared for the HTTEM observation; ( 1) 
synthetic clinoenstatite (En100): (2) natural 
cl inoens tat i te ( Ens 1 Fsa Wo1 ) f ram Muko-J ima, the Bonin 
Islands, Japan: (3) natural pigeonite (En5aFs39Wo3) 
from Hakone-pa th, Hakone Vo 1 cano, Japan. The ·changes 
in microstructures · and/or microtextures during the 
heating ·of these pyroxenes under the HTTEM were 
observed on a TV monitor and recorded on video tapes by 
a fiber-optically coupled TV system (GATAN 622). 

During the heating experiments of both 
clinoensta·ti te and pigeoni te, the coexistence of the 
P21/c and C'2/c phases was observed in some temperature 
ranges . . At the coexistent stage, the transition did 
not proceed with the lapse of time at the constant 
temperature. The coexistence of two phases with 
coherent interfaces and time-independent reactions 
suggested that the P21/c-C'2/c transition is of a 

• 
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first-order and occurs athermal-martensitically. 
Furthermore, the P21/c-C2/c transition was revealed to 
be a thermoelastic type pf the martensitic 
transformation based on the unusual thermal hysteresis 
(superposing of the transition ranges between the 
heating and cooling) as shown in Figure 1. This type 
of the transition was first found on rock-forming 
minerals. 

Antiphase structure is a typical resulting 
microstructure of the C2/ c-to-P21 I c transition on 
cooling. Antiphase boundaries (APB's) in pigeonite are 

• 

classified into two types: L APB' s par al le 1 to the c 
axis and H APB's cutting the c axis [2]. In the 
present study, the formation process of the APB' s in 
pigeoni te was in si tu observed during the transition 
using the HTTEM. It is shown that the L types form at 
the earlier stage, and that the H types form as the 
trace of the interfaces between two phases at the final 
stage of the C2/c-to-P21/c transition, respectively. 
The fact that the L APB's are commonly observed in the 
rapidly cooled pigeonite while the H APB's tend to be 
in majority in the slowly cooled pigeoni te, can be 
interpretated by the difference in the formation 
process between these two types of APB's . 

• 

[1] Morimoto et al. (1989) 
Mineral. J., 14, 246-254. 

[2] Carpenter (1978) 
Phys. Chem. Minerals, 2, 
237-251. 

• 

• 

Figure 1. Percent-transformation 
curve in the second heat 
treatment of pigeonite. The 
percentages are shown by the 
volume ratio transformed (operi 
triangles: during the heating; 
solid triangles: during the 
cooling). The transition range 
during the heating superposes on 
that during the cooling. 
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O · . IN QUARTZ UNDER A HIGH TEMPERATURE TRANSMISSION 
ELECTRON MICROSCOPE 

• 

Keiji SHINODA*, Norimasa SHIMOBAYASHI and Masao KITAMURA 
Department of Geology & Mineralogy, Faculty of 
Science, Kyoto University, Sakyo, Kyoto 606, Japan. 
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Dauphine twin in quartz is formed by the phase 
transformation from high-temperature ( (3) to low­
temperature (a) phases. It has been suggested that 
the density of Dauphine twin domains is controlled by 
several factors such as lattice defects and cooling 
rates. In the present study, the formation process of 
Dauphine twin and the effect of lattice defects to the 
domain density \.vere studied using a high temperature 
transmission electron microscope (HTTEM). 

In-situ observations of the transformation of 
synthetic and natural specimens of quartz were carried 
out under a 200kV HTTEM (Morimoto, et al., 1989). 
Under the HTTEM, an incommensurate (INC) phase were 
confirmed as a stable phase surviving for about 1. 8K 
between a and {3 phases (Van Tendeloo, et al., 1976). 
Therefore, the HTTEM study on the formation of Dauphine 
twin was concentrated on the transformation from INC to 
a phases. 

I N C p has e has a mod u 1 a t e d . s t r u c t u re w he re t \v o 
kinds of triangular micro-domains of a phase in 
Dauphine twin relationship are regularly arranged. On 
the other hand, two individuals in Dauphine twin 
relationship in a phase are much larger than the 
micro-domains and not in a regular arrangement . 
. Therefore, as cooled the specimen·, the t rans format ion 
from INC to a phases appeared as coarsening of the 
micro-domains and loosing their regular arrangement. 
However, the sizes of two types of the triangular 

• 

domains did not change equally, resulting in that large 
domain of one type includes several small triangular 
domains of the another type in it. This type of the 
large domain including small triangular domains are 
called predominant domain'' ( P-domain) . Though smal 1 
triangular domains in P-domain survive just below the 
transformation temperature, they are assimilated to P­
dornain with decreasing the temperature. At last, the 
small domain does not survive as Dauphine twin 'indi vict­
ual on an optical microscopic scale. Consequently, the 
domain density of Dauphine twin is controlled by the 
formation of P-domains. The formation of P-domain must 
be characteristic in a first order transformation 
between a and INC phases. 

In the HTTEM study of natural quartz with 
dislocations, it was . confirmed that some dislocations 
affect to the formation of P-domain as (1) nucleation 
or ( 2) trapping sites of P-domain. This behavior of 
the dislocations during the transformation process is 
that expected in a first order transformation. 

The effect of cooling rate to the formation of 
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Dauphine twin could not be studied by the HTTEM, 
because of its limitation. Therefore, the relation 
between the density of Dauphine twin domains with 
cooling rate was examined by the etching method on both 
natural and synthetic specimens of a quartz. The 
domain densities in several natural igneous quartz were 
confirmed to decrease as the cooling rate estimated 
from their occurrences decreases. This type of the 
relation is also confirmed on the synthetic specimen 
which was heated and cooled with different cooling 
rates. .Therefore, the domain density is affected by 
the cooling rate. However, the domain densities of 

·natural specimens were much higher than those of the 
synthetic quartz even in a similar range of the cooling 
rate. This difference in the domain densities can be 
explained by the strong interaction between some 

·. dislocations and P-domains revealed by the present 
HTTEM study, because natural quartz has higher 
dislocation density by one order than synthetic quartz. 

Morimoto et. al. ,(1989) Mineral. Jour. 14, 246. 
Van Tendeloo et.al.,(1976) Phys. Stat. Sol. (a)33, 723. 

rlAvlAflVE EPR S~bCfRO~COPIC SfUDY OF QUARTZ . 

M.J.Stcherbalcova, Institute of Geology and Geophysics, 
Siberian Branch of tl1e USSR Academy of Sciences, Uni­
versi tetskij pr.3, Novosibirsk, 630090, USSR. 

By paramagnetic centres possibility of establish­
ing structural forms of impure aluminium in the quartz 
irradiated by electrons is discussed. 

For quartzes - granulated I, hydrothermal II, from 
rare metal granite pegmatites . III, from granites IV, 
irradiated by electrons (2 Mev, 0,5-7500 Mrad) 4epen­
dences of the intensities of paramagnetic Al, E', O~­
centres on the irradiation dose were studied. EPR 
spectra were studied at a frequency of 9800 lVIHz, at 
temperatures of 77 and 300K. It is found, that the in­
tensities of Al and ui-centres increase in sequence in 
samples I,II,IV,III and of E1 -centre - in I,III,II,IV. 
In the region of 500-1000 ~irad the intensities of E -
centres for quartzes II,III,IV, which did not undergo 
secondary radiative, dynamic influences or recrystal­
lization, acquire close values. For .v2QO quartzes, 
irradiated by electrons with 500 Mrad dose, the inten­
sities of Al•E' and Oi-centres (in per-unit) were mea­
sured. Their typical values are given in the table. 
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I II If I IV 
• 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Ie• 4,8 32 30 26 20 9 32 22 16 22 22 32 27 27 24 10 

lAt 1,0 23 6,0 7,3 5,1 3,2 35 48 150 19 7, 2 20 24 14- 7, 0 1, 0 

Ioi o,s 37 3,8 3,5 3,2 2,5 24 32. 118 a,1 5,3 8,8 7,6 6,4 3,8 1,0 

In crystalline quartz stabilization of E1 -centre -
defect, containing oxygen vacancy, is determ~ned main­
ly by a lo\V valency impurity cation, i.e. Al3 -J-Sii,+[1·,2 
The efficiency of arising of this centre may also de­
pend on the type of monovalent cations balancing the 
deficit of Al, as well as on other point and stretch­
in3 s·t1 ... u.ctur·al defects. At the given regime of irradia-
tion, the efficiency of stabilizing E~centre is weak­
ly dependent on the composition of compensator cati­
ons. Hence, the intensities of radiatively-induced 
paramagnetic centres reflect the following r~ ations 
with structural _impurities: E1 -centre with Al. + ., Si4+, 
Al-centre with LAlO /M]0 and O~ - with interstitial 
impurities of Al an M-alkaline cations. In the frame 
of this scheme, all quartzes, except I, II 5, III 3, 
IV 5 are characterized by close v~lues of E~centre 
intensity, but by substantially different intensities 
of Al-centre. Thus, natural quartzes, independently 
of their genetic type, with almost the same content 
of substituting A.l are distinguished by the composi­
tion of compensator cations and, consequently, by the 
relation of (AlO'* /M] 0 and [AlO" /HJ 0

• For quartzes 
III J, crystallized from substantially oversaturated 
solutions, the content of interstitial ions of Al, M 
and[Al04 /M] 0 increases and the efficiency of vacancy 
E'-centre formation decreases. In recrystallized 
quartzes I, II 5, IV 5 due to the reduction of Al-~Si 
in the structure, the intensities of all centres de­
crease. Peculiarities of structural forms of impure 
aluminium in quartzes of various genetic origin are 
discussed. . 

1. K.L.Brower. Electron paramagnetic resonance of 
Al, E'-centres in vitreous silica. Phys.Rev. 1979, 
20, N 5, p .• 1799-1811 . 

• 

2. M.G.Jani, R.B.Bossoli, L.E.Halliburton. ]'ather 
characterization of the E1 centre in crystalline 
Si02• Phys.Rev. B 1983, ll_, N 4, p.2285-2293. 
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A SIMS S1'UDY ON 1'HE DIFFUSION OF ELEMEN1'S IN MgO 
Shigeho Suenol,Hisayoshi Yurimoto2,Hironori. Yamamoto! and Isao Sakaguchi3: 
I Institute of Geoscience, University of Tsukuba, Tsukuba, 305 Japan. 2Jnstitute 
for the Study of Mineral Deposits, South Dakota School of Mines and 
Technology, Rapid City, South Dakota, USA. On leave from Inst. of Geoscience, 
Univ. of Tsukuba. 3Yamaha Engineering Company, Iwata, Shizuoka, 438 Japan. 

Secondary ion mass spectrometry (SIMS) has the several capabilities, such as 
chemical and isotopic analysis of major and trace elements (% to ppm region) and 
depth analysis (resolution 50A) are suitable for studying the diffusion of elements 
in minerals with slow diffusion speed, such as in oxides or silicates. Although the 
study of the diffusion coefficients and the activation energies are important to 
clarify the principle characters of minerals, those reported by previous workers 

u+ 
Na+ 
M~2+ 
Al + 
Si4+ 
P5+ 
Ca2+ 
sc'+ 
er'+ 
Mn2+ 
Fe2+ 
Co2+ 
Ni2+ 
sr2+ 
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Zr4+ 
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GB 

Table 1 
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Fig. 1 :L- and D-diff usion. 
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are largely fluctuated because of the difficulty for separating the lattice- (L­
diffusion) and the dislocaton-diffusion (D-diffusion). However, if the diffusion 
annealing duration is well designed, it is possible to obtaining in-depth diffusion 
profile consistent with curved and linear regions (tail) as shown in Fig. I. These 
two region are corresponding to the L- and D-diffusion, respectively. 

We have studied the diffusion coefficients for several diffusant elements in 
synthetic MgO single crystals. The specimens were annealed in a furnace at 
several temperatures (500 - 1500°C) for diffusing the elements which are supplied 
as gas phase. The annealing duration was selected from 1 minutes to several tens 
of hours depending on the elements to produce a concentration gradient on the 
order of 1 mm in-depth profiling with SIMS. The annealed specimens were 
examined using depth analysis method by SIMS. We have successively analyzed 
the two types of diffusion coefficients (L- and D-diffusion) separately from the 
depth profiles obtained for various diffusant elements at several different 
temperatures. The diffusants so far studied in MgO are listed in Table I. The 
diffusion coefficients for both L- and D-diffusions measured at several 
temperatures were analyzed from the depth profiles, and were plotted on the 
Arrhenius diagrams and calculated their pre-exponencial factor (Do ) and the 
activation energies (Q) as shown in Table 1. It was found that the D-diffusion 
coefficients CDct) among the various diffusants are 104-105 times larger than those 
of L-dif£usion(D1), but the activation energies (Q) were almost the same among all. 

All of the Do and Q values were plotted on Do/Q diagram to examine the 
compensation law, in which it was empirically believed that all of the data points to 
be aligned in one line. However, we found that the data points were 
approximately aligned on two separated lines not on one line, as shown in Fig.2. 
Elements such as Cr, Mn, Fe, Co, Li, Sc, Ni and Mg are on the line 1, and those 
of P, Ca, Si, Y, Sr and Na are on the line 2. The elements belong to the line 1 
have similar ionic radii with Mg ion (from 50 to 85 pm) and those belong to the 
lin~ 2 have larger or smaller ionic radii than those belong to the line 1 group. It is 

conceivable that the ions in these two groups may be diffused by the different 
diffuse mechanisms . 

• 

THERMAL CONDUCTIVITY MEASUREMENT OF ISOTROPIC AND ANISOTROPIC 

• 

J. Susaki, *K. Horai, and T. Yagi, Institute for Solid State 
Physics, Univ. Tokyo, Roppongi, Minato-ku, Tokyo, Japan 106, 
*Meteorological Research Institute, Tsukuba, Ibaraki, Japan 305 

• 

• 

A new method of measuring thermal conductivity of rocks 
under high pressure up to 50 kbar was developed and was applied 
to the measurement of isotropic and anisotropic crystals. 
Quasi-hydrostatic high pressure was generated by a wedge type 
cubic anvil apparatus with pyrophyllite pressure medium. Samples 
were shaped into cylinders 12 mm long and 8 mm in diameter. A 
chromel wire was embedded along the cylinder axis as a heater, 
and the temperature at the center of the cylinder was monitored 
by a chromel-alumel thermocouple. Thermal conductivity was 
determined by the transient hot wire method. The temperature(T) 
was measured as a function of the time(t) elapsed since the onset 
of the heating. Then the gradient of the T versus ln(t) gives 
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the thermal conductivity. The assembled sample was placed in a 
21 mm-edge-long cubic of pyrophyllite. The pressure was 
increased up to 50 kbar in increments of 5 kbar. Thermal 
conductivity was determined at each increment. The accuracy of 
the determination was confirmed by comparing the result from 

• • pyrophyllite 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
thermocouple • • • • • • 

A.:t t • t t t 
~.,. . . . . . 

• - . . . • • • • • • 

.... 
N 

• • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • 
~~·· .. :------4-sarnple crysta1(8~) 

chromel heater -

Fig.1 Sample assemblage of the transient hot wire method. 
fused quartz at ambient pressure with the standard value from the 
literature. An advantage of the present method is that sample 
deformation, which seems .inevitable in any high pressure 

• 

experiment, has no effect on the measurement procedure. 
Strontium titanate (SrTi0 3 ) was selected as a crystalline 

sample, because it has isotropic physical properties like most 
natural rock samples. The conductivity at the ambient pressure 
was 6.8±0.3 · w/mK, compatible with the literature value. A 
linear increase of the conductivity of 0.064 W/mK/kbar, was 
observed between 5 and 35 kbar. No obvious increase of the 

• 

conductivity was observed above 40 ·kbar. 
The transient hot wire method could be applied to 

anisotropic crystals of axial symmetry, because measurement by 
the transient hot wire method yields thermal conductivity in the 
direction perpendicular to the heating wire. The thermal 
conductivity of a factory-made quar~z crystal was measured. The 
thermal conductivity(Ka) of quartz to the direction of the 
crystallographic a axis was easily measured by choosing the 
crystal's c axis as the direction of the heating wire. For the 
heating wire stretched in the direction of a axis, the measured 
thermal conductivity was approximately 1KaKc According to the 
mathematical theory of thermal conduction (Takegoshi et al. 
1982). _ Thus both thermal conductivities, K

8 
and Kc, could be 

obtained from the measurements in two perpendicular directions. 
The . observed Ka at ambient pressure was 6.6 W/mK and the 
calculated Kc was 8.3 W/mK. The pressure derivatives of thermal 
conductivities are calculated to be 0.070 W/mK/kbar and 0.057 
W/mK/kbar for Ka and Kc respectively in the rang~ ,b~tween 10 and 

pressure at 0.061 W/mK/kbar. This change (0.8%/ bar) was lower 
. than the thermal -diffusivity change (1.9%/kbar) reported by 

Yukutake (1974). 
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OPTICAL ABSORPTION SPECTRA OF SYNTHETIC TOURMALINES 
M.N.Taran, A.S.Lebedev,Institute of Geochemistry & Phy­
sics of Minerals of the Ukrainian Academy of Sciences 

. 

252280,Kiev-142; Institute of Geology & Geophysics, Si-
berian Branch of the Academy of Sciences of the USSR, 
630090, Novosibirsk-90, USSR. 

Tourmalines (T)- Na1-0Al3AlsBsSie021(0,0H,F)4 with the 
• 

impurities Fe(a-c);Fe,Ti(d);Cr(e);Ni(f);Cu(g); Co(h);Mn 
(i) in the Al-octahedral sites (see Fig.a-i below) have 
been synthesized in hydrothermal solutions 0.05Na(F,Cl) 
-0.05HsBOs-0.9H20 at 65o·c, P=l.5kbar and fo2 that cor-

• 
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respond to the stability field of magnetite (M) or he-
matite (H). The ferriferous T display absorption bands 
of exchange-coupled ions Fe2•-Fe3+ -a (M-region) at 710 
and 1100 (o>>n) nm,or Fe3•-Fe3+ -c(H-region) at 530,780 
(•) and 720,900(a)nm. The Mossbauer studies showed that 
90-lOOX F.e(0.6-1.0 ·f.u.-formula units) in tourmaline of 
H-type are present by Fe3+ions with the most part being 
in 'Al& -octahedrons. In spectra of Fe,Ti-bearing T~d, 
besides the absorption bands of the exchange-coupled 
ions Fe2•-Fe3+, a broad intensive band is revealed at 
425 nm(o) probably due to the charge transfer Fe2++Ti4 + 
-Fe3++Ti3+. Besides the 590 (K>o) nm band in spectra of 
er-bearing T-e, which is due to transition 4A2q-->4 T2q 
in the 'Cr3•- ions, there are weaker bands in the near 
IR-range at 800 (n) and 900 (o) nm, whose nature is not 
clear. Absorption spectra of T that bear Ni~f, Cu-q,and 
Co-h(all in H-region)indicate the entering their struc­
ture of two-valent ions predominantly.A spectrum of Mn­
bearing T -i synthesized in the ff-region is typical of 
the Mn3+ ions in distorted octahedra. The difference in 
spectra of the synthesized and natural Mn3•-bearing T 
testifies to a different character of the Mn3+ entering 
into the T structure • 

• 

m FUNCTirns IN SPEX:IRUM-!'ITl'ING OF VIBRATIOOL IC SIUDY 
~ Alian, LaOOratory of Physical Mineralogy, ·Chinese Academy of Geological 
Sciences, Beijing 100037, CHINi\. 

Paul, LaOOratoire de.Spectrochimie Infrarouge et Raman, CNRS, Lille 
59655, FRANCE. . 

Lineshape function is one of the ii~portant paraineters for spectrtU.~-fitting, 
and often be chosen as having a relatively fixed function fonn, such as 
function, GAUSS function, or sane kind · of their mixtures {sl.un or product in certai11 
proportion} • But actually, the forms of the measured band envelopes are irore 
canplicate than those hyp:>theses. They· depend on the original line-profile and 
line-width; the slit-width and the slit-configuration of the spectraneter, and the 
parameters chosen in measuring and recording operations. Therefore it is more 
reasonable to calculate it particularly, according to the experiinental conditions, 
for every target band in spectrum-fitting. I 

Supposing the band distortion due to 
the mismatching ,of the electronic and 
mechanical systems of spectraneter 11as been 
eliminated by correctly choosing, the 
recording parameters, then only the 
influence of ~ticular slit fllllction of 

• 

spectraneter on original line-profile has to 
be considered. Theoretically, the profile of 
a Ratnan or an Inf rared spectral line 
originated fran the vibrational-rotational 
transition of a molecule has, inherentiy, 
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function f onn decided by three basic pl1ysical processes radiation 
damping, l'X>ppler broadctring ai1d collision broadening. While in fact : tl·12 l'>.?J1d 
enT\;elops measured bl' a spectrar1eter is th2 redist1~ibuted radiations, as tl1t: f1Ll)ctior1 
of '{avelength, of e\lery parti.:U ccrn~)nents of that b:~1d which could p.:tss tl1ro1.1gl·1 
the slit systan of a spect1 .. orrt2ter at 011e \·ra~i2le1·jgtl1 p)sitic11 (Figure 1). Ba.sr:-0 ()!1 

this idea, the fonnulas for calculating th•2 barid 2n·velope tL1der three diffe1·er·1t 
slit fllllctioris w€re deduced. They ai-c- : 
a) • for triangle slit f~111ct ion: 
I (x,A, B) =IoA { (x+B) arctg [ (x+B) ;'~) + (x-B) .::i1·1::tg [ {:{-B) ,IA) -2arc-1:g· [?~,IA] 

-0.5ALn [ (1 + ( {;,:+B) /ri)2) (1 + ( (x-B) /A) 2) i' (1 + (x/~_)2 )2]} /B ; 
b) . for trapeziu.'!l slit f ;_mctior1: 
I (x,A, B,C) =IoA{ {x+c/2 +B) arctg [ (x+c,'2 +B)/A]+ (:.r:-C/2 -B) arctg [ {x-C,12 -B) / /,] 

-(x+c/2) arctg[ (x+c/2) /A]-(x-C/2) arctg [ (i:-C/2) /Aj 
+o. 5ALn [ (1 + { (x-C/2) ;'A)2) (1 + ( {x-+<:/2) IP.) 2) I 

(l+((x-C/2 -B)/A)2) (l+({x+c/2 +B)/A)2)]}/(B{B+C)) ; 
·c).for rectangle slit function: ~ 

• 
I(x,A,C)=IoAfarctg[(x+c/2)/A]-arctg[(x-C/2)/A]J/C; 

Experimental tests deroc>nstrate 
that, as predicted by intergrating 
calculations, the m:>nochannel Raman 
spectraneter with equal entrance/exit 
slits and dispersive Infrared 
spectraneter · have triangle slit 
functions; the roc>nochannel Raman 
spectraneter with unequal entrance/exit 
~lits has trapeziwn slit function; and 
multichannel Raman spectrograph has 
rectangle slit function. Then the 
fitting calculations (Figure 2) for 
524an-1 band of single crYstal Si 
measured on a MJI.E (monochannel Raman 
instrument} and an X-Y (multichannel 
Raman instrth1\ellt) by those three 
f onnulas have proved their 
applicability. The possible sources for 
introducing the errors in practice were 
also discussed. 

Fig.2 Fitting results for 524an-1 
band of single crystal Si 
measured: 

(a) • on IDLE with Sl=S3=900µm; 
{b). on IDLE with Sl=SOOµm, 

. S3=900µm; 
{c). oo X-Y with S=900µm. 
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THE STUDY ON SPHALERITE IN PB- ZN DEPOSITS AT THE . 

EASTERN PART OF LIAONING PROVINCE 

. 
Wang Ende, Shenyang Institute of Gold Technology, Guan Guangyue, Depart-

• 

ment of Applied Geology, The Northeast University of Technology, Shenyang, 

Liaoning 110 0 0 6 , People' s Republic of China 

A lot of Pb-Zn deposits were found at the Eastern Liaoning Province. These 
• 

deposits distributed '?n the trend east-west . folded zone of metamorphic rocks of 

Liaohe Group. Sphalerite is one of the main ore minerals in these deposits, and · 
. 

may be divided into three types. I ) . Light yellow to yellowish brown sphalerite 

occurred in layered ore. lI ) . Light brown to brown sphalerite occurred in quartz 
. 

vein. IlI ) . Dark brown and black sphalerite occurred in the ores of fault zones . 
. 

One deposit may consists of only one type or two types or three types. The char-
. . 

. 

acteristics of the above three types are listed in Table 1. In addition, the spha-

lerites contain higher content of In(5.-..,,110ppm) ,Ga(16,__,108ppm) ,Ge(l.-..-

29ppm) . . 

Table 1. The characteristics of sphalerites 
. 

chemical composition T ao 
type colour 0348 

• 
Zn% Fe% S% Cd% Mn ppm Ag ppm (oC) (A) 

60. 4 . 2. 5 32 o. 38 110 . 100 +6. 4 136 5.412 . 
. 

i I yellow -- -- -- -- -- -- -- -- --
63. 5 3.g 34 o. 6 150 120 +7.1 196 5.415 

. 

56.9 3. 5 29 o. 63 142 135 +6. 9 284 5. 414 
pale ' Il -- -- -- -- -- -- -- ,._, rv 

brown • 

59. 1 7.5 32 o. 68 260 185 +7. 9 364 5.417 
' I 

I -
I 55.8 7. 4 29.7 o. 7 230 12 +6. 8 280 5.416 . • 

l dark 
fil -- -- -- -- -- -- -- -- --

brown • 

59.7 9.6 30. 8 o. 9 240 105 +1. 3 360 5. 421 -~ , ..... __ ., -.. 

T: homogenization temperature of inclusion. ao: lattice parameter. 

Based on these analyses, it is considered that the colour of sphalerite is relat-
• 

ed to the content of (Fe+Cd) and (In+Ga). The higher the content of (Fe+ 

Cd) is, the darker the colour is. The higher the _content of (In+Ga) is ,the 
. 

lighter the colour is. The lattice parameter is influenced by the content of 

(FeS % ) in sphalerite. Acco~ding to our analyses, as the content of FeS ( % ) 

varies from 3 % to 15 % , the lattice parameter obeys the equation: ao 5. 4 0 6 + 
O. 0005X,and when FeS(%)>15-26,ao 5. 406+0. 0005X+O. 000004X2

• 
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The homogenization temperature of inclusion of sphalerites shows that the lattice · 

enlarged with the increasing of temperature. 

The Mossbauer spectrascopy study of sphalerite shows different characteris-
• 

ties among these types of sphalerites. The pattern is an asymmetry two-humped · 

curves. The isomer shift(o) and quadrupole splitting(~) are listed in Table 2. 

The isomer shift ( o) is controlled by the distance between atom Fe and S. The 
• 

difference of isomer shift displays the varying of Fe-S distance. The higher the 

Fe content in sphalerite, the higher the increasing of isomer shift and the larger 

the Fe-S distance. Thus, along with the increasing of iron content in sphalerite, 

this may affect its chemical bond, the covalent bond may be weakened, and the 

ionic bond will be strengthened, which may change the colour of sphalerite. This 

study shows that the FeS content plays an importance role in the changing of 

colour and lattice parameter of sphalerite. 

Table 2. Mossbauer parameter 
• 

• 

type omm/s ~mm/s Fe(%) T(K) x2 

I o. 44 0.57 3 300 215.58 

n o. 76 0.59 5. 6 300 204.0 
• m o. 79 . o. 63 7. 3 300 165.610 

-

x2 
: Fitting factor 

S'IOOY Cl tBC.Clllttm IH KJfffll,lftS MD ITS GiliJOOICAL SlJ 

1iU ' Zher«in, 
·Pqle's Repatblic of China. 

1. Mcssbauer spectra of 15 dtranjtes in Jdmberlites fran several regioos of 
<llina wre wsure3 at ro:e t@111erature. Eadl sp:ct:Iia of the dJia11i tes has similar 
feab•res and exihites 3 or 4 resolved peaks. All of the spectra are fitted to two 
q\utdnJp)le do1.tl>lets(NS=2) accordirtg to the proced11re S\QJCSted by OSeamE et al. 

2. 'ftle two cbablets are ¥SiQ11ed to Fe2+(A) and Fe3+(B), respectively. We 
•• • ider that this assig111mt is reasooable aM reliable: (1) 'Ibe obtained IS 
valoos of Fe2+(A) m! Fe3+(B) are •rand 0.91 m! 0.34 llD/s, which are in agre<llelt 
with the typical valoos of tetrahedral Fe2+ m! octahedral Fe3+ in oxide, 
reJpeetively. (2) 'lbe d>taj,~ Fe3t/Fe2+ ratios bam?d cm the assig1nnent · ar·e 
essentially istent with the rEB\•lts of chonical analyses. (3) 'Ibe wider Fe2+(A) 
peak ( 0. 70 tml/s) is by R N M effect. 'Ibis effect al so ca•ISC deviating 
the peak sbaqe frca taer1tzian ~ ioctreasing the M value of MIS!1T. Fitting the 
Fe2+(A) OJlllUlellt spectrm by clividjng it into several sub spectra(J or nore) can 

the fitting qaaality aml the accuracy of Fe3+/Fe2+ ratio. , this 
irocatiare is artificial aml eadl •lb spectrm has oo defjnjte Jilysical meanjng 

of. tll8 · ty of f actcn affecting If I N effect. 'Ibe foll~ 
will i.. cm J8m2 fitting rmults. 
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• 

3. Having studied the relatiooship between lbsbauer parameters mi chemical 
canpositions of the 'tes, we foond that the QS values of Fe2+(A) and the QS,IS 
values of Fe3+(B) are closely related with Cr/(Cr+Fe3+ +Al) ratios (Fig.l), . 

there are no obviCAJS cot'relatioo between the parameters mi Fe3+/Fe2+ or Fe2+/ (Mg2+ 
+Fe2+) etc. 

• 

4. 'Ihe negative correlatioo between QS[Fe3+(B)] mi Cr/(Cr+Fe3+ +Al) . shows 
that .with the inc1-easeing substitutioo of er, Fe3+ for Al at B site, the distortioo 
of octahedroo of B site sznaller. 'Ihe negative correlation between 
QS[Fe2+(A)] and Cr/(Cr•Fe3+ +Al) shows that with the increasing of above 
substitution, the distortion of tetrahedr.cm of A site larger. The positive 
correlatioo between IS[Fe3+(B)] and . Cr/(Cr+Fe3+ +Al) reveals that with the 
increasing of above substitutioo, the coordination octahedrcm becaDe larger and the 
Fe3+ at B site ex:i.bites greater ionicity. 

5. 'ftle kimberlites fran which the · te samples were collected ccntain 
different quantities of dianxmd ore. They ca•ld be divided into three ore-bearing 
states: I. rather rich (sairq>le No.6-15), II. p:x>r (No.4,5), III. very poor {No.1-
3). We discover that the values of IS[Fe3+(B)], QS[FeJ+{B)] or QS[Fe2+(A)] of the 

measured saraples can be also divided into three groups oorrcS}alding to the ore­
bearing states. "ally, there is a clear bound between the I and II groops 
(Fig.1). en the basis of this work, it is p:ssible to judge the ore-bearirrJ state 
of kimberlite. 'Ihe prelimjnary criterioos detetmined by us are as follows: if the 
?t>ssbauer parameters of Chranite at RT satisfy IS[Fe3+(B)] >0.340, QS[Fe3+(B)] <0.540 
and QS[Fe2+(A)]<l.05 lllD/s, the kimberlite t probably contains rather rich 
diaioond ore. , 

• 

IS[ Fe3+(B)] QS[ Fe3+(B)] QS[ Fe2+(A)], mm / s 

o. 30 ,.____....__ _____ o. s1.___..___,,___ .....__o. so L--.L--..L-__.::x:.._ 
50 60 70 80 50 60 70 80 SC 60 70 80 

Cr/(Cr+Fe3++AI), % 

Fig.1 Relationship between uer parameters and Cr/(Cr+Fe3+ +Al) in Chranites 

It is known that t.~ · te of Jdmherlite which is relatively rich in 
diaroond ore exhibits the feature of higt1 er and low-Al (i.e. has greater 
substitution of G4r for Al at B site), and it ex>rresponds to the genetic conditicns 
of high presst're (e.g. tt0 -55i:b) and I!Ot too high tempera,ture (e.g.950-1050 C). ~ 
the otlier h~11d, the relevCt.l:~ Mossl:':.auez: parameters of chranite have shown a .intrisic 
connection with tru.s <::r Al substit ution. (see #4). So it is coocluded that the 
Mossbauer parameters of crll:'c~\tlte are seilSitive to the changes of genetic condjtioos 
of kimbet'lite, namely they have the typarorphic significance. 

6. In the spectra of this study, Fe2+ at B site, Fe3+ at A site and electron 
delocalization were not observed. Based oo the results of chemical and Mossbauer 

• 
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analyses, the canplete crystal chemical formulas of 'tes have bee11 gi·~(:n. Ottr 
study shows that there are only Fe2+ and ~fg2+ at A sites of ctiranites and the B 
s~t~ are ~upied by.Fe3+, Al3+, Cr3+, Mn2+, Ti4+ and the residual Mg2~ .. after 
f~llmg A sites. It· is coocluded that the 'tes beloo.g to oozmal spinel t~ 
minera]e 

~ MD,FIIF:F:t' ME,BANCROFT GM (1981) Contrib Mineral Petrol 77:251-255 

RAMAN LASER MICROPROBE STUDY OF GLASS INCLUSIONS I:t~ G HR0~1~ 
s ·PINEL OF ULTRABASIC ROCKS IN NORTH-WEST CHINA 

XU Peicang, WEI Wenzong, I,I Rubi, WANG Yongqing. Xian Institute 
of Geology and Mineral Resources, Xian, Shaanxi, 710054, 
People's Republic of China 

In this paper, the compositions and molecular structures of 
glass inclusions in chrome spinel are investigated by means of 
Raman r.iicroprobe. Some new cognitions are obtained. 

The samples were taken from Saertuhai ultrabasic rocks zone 
in Xin Jiang of north-west China. (depth:240m-280rn). The ore 
body is taxitic chro~ite. It's country rocks are dunite and 
arsoite. The glass inclusions are seldom seen in the chrome 
spinel. They exhibit ellipitical shape (diameter:1.0)AII1-15;Am). 

First, the compositions of glass inclusions are measured by 
Electron probe (Japan Jcxa-733) and Raman probe (France RA.MANOR 
U1000). The results are listed in table 1o· 

It can Table 1. 
be seen 
that the 
glass phase 
mainly con­
sists of 
Si02,Al203 
and MgO e 
Its oompo­
si tion 
tallies 
with that 
of chlorite . 

The 

--------------- ~------~--~-----.... ----~--.--~---------------------------~----------Compositions or Glass Inclusion (wt~) 
Samples ....----------..... ~------------~-----~--------~------~-------...----------• Eleotron Probe Analysis • • • 

number -~- ----- ---~-- ----- ----- ----~ -----~ ------ ---- ------~----
- 8102 Al20, cr203 PeO MgO · Cao Na20 K20 Cl S 1 

~-~~~---------~----- ----~ ----- ---- ----- ----- ----~- ------ ---- -----------Uc-1 22.00 20.9a 3.s1 1.10 32.70 0.57 0.16 0.06 0.00 o.2a . 

·uo-2 

Chlorite 

25.24 22.02 4.12 0.$8 30.A7 

26.66 28.73 5.27 31·.34 

• 

-----~---...----~---- ------ ~--- ----- ----- ----- ------ ------ ---- ~-~--------• 

Samples 
• • 

Raman Probe Analysis 
-~mNl9- ~ ..... --...----- ----- ---- ----~ ------ ------------ ----~------

number C02 CO CH4 02 H2 S02 H2S H20(G+L)+OH Total* 

----------------~----- --~-- ----- ----- ----- -~--- ------ ----------- ~-----~----

Uc-1 

Uo-2 6.1 0.5 o.s 0.01 o.s 0.4 

95 •• , 

94.57 

~ . l Chlori te . a.o 100.00 
t.11sso ution -------~-------- ----------------------.. -------------
of H20 in 
that glass 
phase is in 
the form of 

• 

* The ''TOTAL'' means sum total of 
measurement data by Electron Probe 
and Raman Probe. 

OH grou~s 4+ 
whioh associated with Si , and probably with Mg2+ or Ca2+. 

ne~work modifying cations (ca2+ 
o~ g2+) • . 
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• . 

Studied second, the Si-0 molecular group structures of glass 
phase is by Raman spectroscopy. the feature of that structure 
all depends on the composition, temperature, pressure and visco­
sity of the glass phase. Different Si-Q structures could be 
divided into five types which haTe different characteristical 
Raman frequency.(On9fT Table 2. 

-
shows a ratio of · 
nonbridging oxygen to 
tetrahedral cation. 
see Tab.2). 

Name Sign Structure Onb/T RAman Characteristical 
Peaks ( cm-1) 

. Based on table 2 and 
• 

Fig.1, the molecular 
structure of sample 
NooUo-1 mainly con­
sists of chain and 
sheet units. It is the 
glass phase appro­
aching to chlorite. 
The Raman spectral 
pattern of crys tal _

1 chlorite at 705-710cm 
shows a sharp peak 
which we have measured. 

Unit 

Monomer Mo 

Dimer Di 

Chain Ch 

Sheet Sh 

[Network Ne 

Count /S•c X 10E2 
oo co 
• • o• 

1. 3e a> o 
~~ 

0 
c 

1. 28.._ 

• 
0 .... 

1. 20 
In 

1. 12 

1. 04.._ 

• 

( Si04) 

( Si2 0,) 
( Si206) 
( Si205) 

( Si02) 

0 0 0 0 • • r> N 0 'f .... 
" Ch 

' 

Si-Crib . Si-~r-S.i 
~ 

4 840-890 

3 900-950 720-760 

2 960-10;0 6~0-680 
~· 

1 1050-1100 b70-730 
0 1060-1190 450-520 

• 0 

8 0 • .,, 
• • a> CJ ... ., ... 

8 a> 0 ... 
CJ ... 

Ch Sb • .. 
Cl) 
II 

.. 
. ---+--~----.-----+------+-----+---

480.0 e4o.o eoo.o saeo.o 1120. 0 

The existences for­
mation of H20 and C02 
is related with the 
increments of t he 
proportions of chain 
and sheet units in 
the molecular struc­
ture of glass phase. 

• Fig.1. Raman spectrum of glass · 
·approaching to chlorite. 

- Sawple No. Uc-1. 
References 
1. Mysen B.O. and Virgo D.(1980) Amer. Miner. Vol.65 

Pag. 1176-1184. 
2. Dowty E.(1987) Physics and Chemistry of Minerals 

14:407-412. 

A RIVEIW OF MOSSBAUER SPECTRA o~ Fe-Ti GARNET 

Ying Yupu,Institute ~f Geology,Academia Sinica, 
Beijing,100011,Peopl~~s Republic of China 

--1 

Some papers on Mossbauer effect of natural Fe-Ti 
garnets have been published( 1- 6).The mentio~ed authors 
researched valence state and distributions of Fe and 
·Ti cations,and change of Mossbauer parameters with 
sample temperature.Up to now about 30 samples of na-
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tural Fe-Ti garnets(Ti02 wt% is from 0.45 to 16) were 
researched by means of Mossbauer effect at tempera­

ture from 15K to 773K. 
Th~ee samples of natural schorlomite are resear­

ched in this paper.A riveiw of Mossbauer spectra of 
~e-Ti garnets is given here.From present study some 

significant conclusions can be d.rawn. 
1. Different types of Mossbauer spectra can be dis­

tinguished for Fe-Ti garnets and the association 
patterns of the Mossbauer doublets are induced.Most 
published Mossbauer spectra of the natural schorlo-

. . ( 3+ 3+ 2+ 2+ mite have five doublets Fetet'Fe00 t,Fedod'Fe00 t and 
. ) 3+ 3+ 2+ mixed valence absorption • As Fetet'Feoct'Fedod and 

2+ Feoct coexist in Fe-Ti garnet, the doublet due to 
mixed valence absorption is always apparent. 

2. It is better that the doublet assingned to 

J.The line-width of the mixed valence absorption 
' 

is always large,w~ich can be fitted into 2 doublets in 

some Mossbauer spectra of schorlomites • 
. 

4.The mixed v~lence absorption relates not only to 
2+ 3+ electron proccese between Fe and Fe at sevaral 

crystallographic sites but also to the effect of Ti 

cation in Fe-Ti garnet. • 

5.The variances of Mossbauer parameters of Fe-Ti 
garnet with sample temperature are apparent.In .gene­
ral there is a inverse temperature-dependence.The doub-

. 
• 

lets due to mixed valence -have the largist rate of 
variance from 300K to SK.As sample temperature is lower 
than JOK,the variance rate of Mossbauer parameters 

becomes more apparent • 
. 

6.Tetrahedral preference site order in Fe-Ti gar-
net is Fe3+>Ti4+> Al3+. 
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Site Occupancy and Local Properties of Fe2+, Fe3+ in ~tanium bearing 
Andradites 

Yin~ Yupu8
, Lin Chuanyib, and S. S. Hafner 

Institute of Mineralogy, University of Marburg, 3550 Marburg, West 
Germany 

a,b P.ermanent address: Academia Sinica, China, 3 lnstitute of Geology, 
Beijing; blnstitute of Geochemistry, Guangzhou Branch 

Titanium bearing andradites are well known for their complex cation 
distribution over the 8-, 6-, a11d 4-coordinated positions X, Y, and Z, 
res~ectively. For example; Fe2+ may occur at X, Y, and possibly Z, while 
Fe + ma be located at Y and Z. The Fe2+ and Fe3+ occupancies are derived 
usually rom Mossbauer spectra of 57Fe combined with chemical analyses 
usin e.g. the electron microprobe. Cation distribution may be calculated (i) 
on t e basis of 24 negative charges, neglecting hydroxyl ions substituted for 
0 2-, or (ii) on the basis of 8 cations, assuming that all X, Y, and Z sites are 
occupied, neglecting H44 + molecular ions substituted for Si4 + at Z and/or 
vacancies at X, Y, and Z. Both assumptions, (i) and (ii), are not entirely 
correct as several studies show ( e g 1,2). Additional difficulties are the 
generally unknown oxidation states of Ti and Mn, i. e. the Ti3+ /Ti4+ and 
Mn2+ /Mn3+ ratios. 

Moreover, it has been assumed from Mossbauer spectra that some electron 
delocalization (ED) ma be possible between Fe at X, Y, and Z, at least at 
high temperatures (3-6 . Final c0nclusions could not be made, however, 
mainly because of incomplete knowledge of the temperature dependence of 
the 57Fe hyperfine splittings and im1}roper resolution of the spectra. 

The 57Fe spectrum consists of at least five partially overlapping doublets, at 
least at temperatures above 20 K. In this work, the observed QS of the Fe2 + 

doublets were interpreted in terms of crystal field theoy. It was found that 
their dependences on temperature can be accounted for reasonably. Because 
of spin-orbit coupling, the QS of Fe2·+ (Y) is expected to decrease somewhat 
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with decreasing temperature at temperatures below about 78 K since its · 
round state is T2g." This should not be observed for the QS of Fe2+ (X) and 
e2+(Z) because there are no non-vanishing spin-orbit coupling matrix 

elements between the states belonging to the ground state Eg of tetrahedral 
or dodecahedral Fe2+. 

It is concluded that ED between Y and Z is unlikely to occur because of the 
lack of shared edges between these two sites. Although a short distance 
(3.015 A) exsists between cations at the edge-sharing sites X and Z, ED is not 
likely either below about 240 K since no significant change in line width of 
the respective doublets was observed in this region (5). At higher 
temperatures, however, ED between X and Z may possibly occur, as 
indicated by the line broadening at 300 K (5,6) compared to the low 
temperature spectra (3,4 ). 

(1) R.D.Aines and G.R.Rossman, Am. Mineral. 69 (1984) 1116-1126. (2) R. 
Basso, F. Ci1n111ino, and L. Zefiro, Neues Jahrbuch fur Mineralogie, 
Abhandlungen 148 (1984) 248-258. (3) G. Amthauer, H. Annersten, and S.S. 
Hafner, Ph s. Chem. Minerals, 1(1977)399-413. (4) F. E. Huggins, D. Virgo, 
and H.G. uckenholz, Am. Mineral., 62 (1977) 475-490; 646-665. (5) K.B. 
Schwartz, D.A Nolet, and R.G. Burns, Am. Mineral.,65 (1980) 142-153. (6) 
Wu Gongbao and Mu Baolei, Phys. Chem. Minerals, 13 (1986) 198-205. 

C 2v TRY AND THE;IR APPLICATION TO MINE~AL 

YUAN Yl1nmei & QUI Xianlun, Physices Group, Guizhou Institute of 
Technology, Guiyang, Guizhou, People's Republic of China 

-
Because there were no complete crystal field matrices includ-

ing Trees correction of d4(d6) configuration with C2v symmetry and 
so the involved absorption spectra can not be assigned according 
to its real symmetry untill now. The C2y matrices of d4(d6 ) are 
derived by an elaborate mathematical procedure on the ·basis of 
weak-field scheme. The results have been used to deal with the 
optical absorption spectra of Fe2+ at site M(1) in diopside (Yuan, 
Y.M., ect. 1985 ). The results calculated are in good agreement 
with the experiments. 

Acoording to the point-charge model, the crystal field poten­
tial with C~Y symmetry can be written as 

with .,-CQJ.., 471:e ! ~ I Z t4> ('°' ~ ) 
f KM. .2 j(ef I 4T a //l~~"'' I( m &W"t I ~ ~ 

By using the basis functions of C symmetry, we have derived 
the Hamiltonian matrix elements of quintet states, S-A, ( 2x2 matrix) 
(Table 1), SA~, &9B 1 , SB..2; and of triplet states, 3 A1 ( 9x9 matrix ) , 
3~( 12x12 matrix), 3 B, ( 12x12 matrix) and3B.a(12x12 matrix). They 
could be used in the calculations of absorption spectra of d4 (d*) 
ions for all crystals which possessing c~v symmetry. In our cal.cu-
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lation, the crystal field parameters are defined as follows: 

• • 

• 

b I ~ -< 1"4> b = 5' 8:c < r4> 
2= 70J1( • 44 , 3 4 15'11. 4-4 ' 

• 

I ~G 
b5= I. ~8Jn ·~% < r4> -

Acoording to d-orbit theory (Zhao, M.G. & DU,M.L. 1983) of ' Fe~+, 
the expected values of ( r 2> and < :r: 4 > are < rs·> =2. 2949 a. u. , < r 4) = 
14 a.u., and the Rach parameters are B=947 cm·~ C=3375 cm·~ Trees 
correction, 0( is equal to 85 cm-! Then using the structure data 
(Warren,B.E. & Bragg,W.L., 1929), we get the absorption spectra. 

Table 1 Transitions Cale. obsd. 

5D 5D' 

+6A-21B+60C · 

10b1-30b2 
+6A-21B+6 °' 

Table 9 

Transitions Cale. 

lA.1(1) 864 

5A1(2) 9302 

11555 
8193 

11278 

13861 

15645 

18836 

19092 
21455 
22200 

22389 

22503 

22729 

23776 
26441 

• 

obsd. 

8333 
9615 

10309 

11800 

13700 

14930 
16700 
18000 

19800 

20740 
21000 

23040 
23360 

3 A1( 6) 

3 A1 ( 7) 

5E--4T(M(2) site) 

26875 

27737 
29912 

30265 

31554 
31982 
32554 
33167 
33492 
36081 

37041 
37896 
38272 
43162 

51335 
52709 

53936 
55128 

55183 
57028 

4250* 

27890 
28920 
29680 

31880 

32450 

33720 

36730 

4201 

*: Estimated yalue by using cubic 
approximation( Yuan, Y .M.). 
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The observed and calculated spin-allowed and spinf orbidden transi­
t ions of Fe2 +at site M(1) in diopside are listed in Table 9. It 
should be pointed out that there exists accidental degeneracy in 
the levels B, and B~, which originates from the special structure 
of diopside. In ot1r calculation, no fitting parameters were used. 

The authors thank Professor Zhao Min-{}uang for the helpful 
discussion. 

Bonding State of Tellurium in Tellurium Minerals 
Zhang Li, S.S. Hafner, G. Moh1 

Institute of Mineralogy, University of Marburg, 
3550 Marburg, West Gern1any 

Tellurium 1ninerals are mainly found in hydrothern1al environments of 
hypogene or supergene mineral deposits. Generally, they occur as tellurides, 
tellurates, and, more rarely, as oxides, sulfosalts or native tellurium. 
Telluri111n in 111inerals may be anion or cation with nomimal valence states 
between -2 to + 6. While the crystal structures of those 1ninerals are often of 
considerable complexity, the valence and bonding states of telluriu1n are not 
well known. 

The bonding state of tellurium may be studied using Mossbauer 
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12.Yfe spectrum of· FeTe2; the spectru111 consists of a 
doublet due to Te22- in a pyrite type structure. From 
the isomer shift and nuclear quadrupole s litting, an 
electronic state of 5s1·835p5·67 is determine for Te of 
the Te22- molecular ion (Bynczicka et al., 1990). 
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spectrosco y of 125Te. In the past few "I.sears, that technique has been 
s1 · ·cant y improved by synthesis of a 1 mTe source in M 3Te06 which 
allows the study of resonant absorption between 4 and 300 That source 
may be held at room temperature, yielding a high recoil-free fraction 
(Binczycka et al, 1988, 1989). 

We have studied Mossbauer spectra of 125Te between 5 and 'J7 Kin a series 
of natural and synthetic compounds, including tellurides, tellurates and 
tellurium oxides. The spectra allow determination of Te-coordination 
numbers, nominal valence states and details on electronic confi ration 
(Binczycka. et al, 1988, 1989), cf Figure below. S stematic trends o isomer 
shifts and nuclear quadrupole splittings may now e tabled. 

H. Binczycka, S.S. Hafner, J. Stanek, M. Tramel (1988) Physics Letters A, 
131, 135-137. . 
H. Binczycka, S.S. Hafner, G. Moh, J. Stanek (1990) Physics Letters A 

· (accepted for publication). 

1. Permanent address: Mineralogisch-Petrographisches Institut der 
Universitat Heidelberg, 6900 Heidelberg, West Germany. 

THEORETICAL CALCULATIONS OF THE SHIFTS OF OPTICAL AB-
< , SORPTION SPECTRUM OF ALMANDINE UNDER PRESSURE** 

• 

Zhang Zheng-gang,Lin Lon-shu,Dept. Physics,Chengdu 
College of Geology,Chengdu610059 P.R.China 

Ma Dong-pin, Dept •. Physics ,chengdu University of · 
Science and Technology,Chengdu 610065 P.R.China 

The shifts of absorption spectra of minerals ~n­
der compres s ion are of significance i n studying man­
tle materi als. But quantitative t heoretical calcula­
t ions of pressure-induced spectral shifts of minerals 
are lacking. 

Based on the conception of expansion function cor­
responding to ra~ial expansion of the electron wave 
function of the central metal cation in a crystal, and 
the theory derived from it~l calculations of spectral 
shifts have been carried out for Fe2 +cation in Alman­
dine. The main results are shown in the table and fi-

• gure. _ 
By fitting the exper·imental curve of pressure­

induced shifts of one 01 the spin-allowed bands~Jthe 
blue shifts as well as the red shifts of all the spin­
allowed and spin-forbidden transitions(in total 40 

·bands) have been calculated in a unified way. The re­
sults were compared wit~ experiments. The Dq and Cp 
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1,500 

900 B Dq 

Cp 

are crystal splitting 
parameters of cubic and 
D2 symmetries respec­
tively. 

It is found some 
bandsshow blue shifts 
at first and then turn 
to red shifts. This is 
related to different 

BOO -1 oand behaviors of Dq, Cp and 
76oocm (kbar) Racah parameters B and 

Figure 1 variations of Para.me- A correct relation be­
ters and band under pressure tween Dq and compres-

sion ratio/C ( =R/R~ was 

given as: 
]) 

0 
• 

where Dq 0 is crystal splitting parameter at normal 
pressure, <f_(I;) is the expansion function, e*/e~ the 
ratio of effective charges ·of ligands at normal pres­
sure and under compression, which is also a function 
of~. 
References 
(1 D.P.Ma et al.,Phys.Lett.A126(1988)377, 
(2 A.S.Balchan,H.G.Drickamer,J.Appl.Phys.30(1959)1446, 
(3JG.Smith,K.Langer,N.Jb.Miner.Mh.H12(1983)541, 
(4JT.J.Shanklan~,J.Geophys.Res.79(1974)3273. 

Table 1 Absorption bands(x1000cm-1 ) at defferent pres-
sures. . SR shift rate ( cm-1 /kbar) 

Experimenta1
1
data ,

4
, Theor. calculations 

Smith & LangerC~ . Shankland': " This work · 
1atm 51kb 101kb SR 1atm SR 1atm 51kb 101kb SR 
27.2 27.2 27.1 -1.0 27.2 o.o 26.55 26.78 26.85 +29.1 

26.9 +0.5 
23.2 23.7 24~1 +9.0 2,.~ +7.0 23.13 23.25 23.27 +1.43 

22.8 23.0 22.93 23.02 22.99 +0.69 
21 .8 21 .8 21 .6 -2.0 21. 7 o.o 22.38 22.50 22.52 .+1.29 

21.0 21.01 20.94 20.82 -1.91 
19.9 19.s 19.1 -2.0 19.a +o.4 20.19 20.11 20.6s -1.05 
19.1 19.0 19.0 -1.0 19.0 ~1.0 19.27 19.18 19.04 -2.27 
17.6 17.3 17.0 -6.0 17.6 -4.8 17.25 17.07 16.95 -2.87 
16.2 15.8 15.6 -6.0 16.03 15.69 15.42 -6.01 
14.4 14.1 13.9 -5.0 14.5 14.56 14.21 13.95 -6.05 
7.60 7.80 8.20 +6.0 7.73 +5.0 7.600 7.979 8.176 +5.70 
5.80 6.10 6.70 +9.0 5.800 6.113 6.273 +4~68 

4.400 4.697 4.877 +4.72 
1.100 1 .150 1.160 +0.59 

** Work partly supported by the National Natural 
Science Fo1Jndation of China. 
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STUD I ~s OP HYDROXYL BANJ)S Ir~ 'rlIE Il~l;iru·~rIBD AND 
I1.Alv'IA~1 SP l~CTILJ\. 0}, ;\.LY.~J\I1I J~I1PHIBO I, rJ JlSli ' ~ S 'r r,s 

Zhu ~ i~un Xi'an College of· Geology 

Tl1is paper deals with hydroxy l s tre t c hing bands in t,he 
infrared and raman spect~ra of a.lka li amphiJ)ole a s bestos 
and one sampJe of heat-treated magnesioriebec kite a s bes­
tos. 

Th() number a.nd. intensi t ry o i~ a l)sorption peaks vary wi t :h 
t h e rat.io of pf!/•/t 'Et+µ;in J.1, and M, sites,increase v1it.h the 
ra,t .io of" r1e» /Fe~· +Jvig1+' the bands occur in t:he Or(]er of A ,B, 
G,an(l D peaks respect.ively.Somet.imes,t.he F,G,H bands occur 
in raman spect.ra , \vhen the content of Fe in th e samples 
is highe1"\ . 

·rhe ca,l .culated result. of· r~e.i• and r~g~.- in rv1, and Iv1 s sites 
shows t .l1at t .he degree of orderinr: of' l •'e is higher t han 

··t .hat of Mr:2
•. i;rar·ious alkali amphibole asbest.os sho\rl diffe-r­

ent. degre es of ordering Fe2
t. Those \vhose content of FeN- are 

low sho-w higher degree of ord.ering and vice ve .. 1·sa. 
·.~lit;h t .he increa.se of ratio of caJ,t /c~· +Na• in M• site, t .he 

frequency of the band shift.s to higher frequency.The pres­
ence of (~a at M4 will produce a band. about 7c:n above peak 
A. 

• 

The 1-3 absorpt.ion bands occur above peak A,w.·hen A site 
is occupied by cation, and the f r·eque ncy of the band is re­
lated to the ca.t .ion in J\. site. 

\·/i th inc1·easing t .emperat,ures, t.he hydToxyl bands of heat­
treated magnesioriebeckit.e asbe s tos disappear in the order 
of D, B, C and A peaks.The prGcess of hyd1roxylation is acco~ 
mpanied by the decrea.se of ordering degree of cat ions, t .he 
transfer of parts of N~ ions from M. site to A site and a 
broad band occurs peak A. 

The result.s of the Fact~or Group analysis of vibration mo­
des of alkali amphibole asbestos fit in very nicely with 
the measured spectr~a. 

• 

• 
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SURFACE ANALYTICAL METHODS 

HRTEM STUDY OF ENSTATITE IN UL'fRAMAFIC TECTOKITE 
FROM THE YALUZANGBU OPHIOLI'fE BELT, TIBET, CllI~ 1\ 

FU Pingqiu, MEI Houjun, HUANG Bojun (Institute of 
Geochemistry, Academia Sinica, Guiyang, 550002) and 
YANG Dayu (Institute of Pl1ysics, Academia Sinica, 
Beijing, People's Republic of China) 

' . • 

The Yaluzangbu Ophiolite Belt starts from Jindo1·1 t~ 
Langxian County in the east and extends to the south of 
Mana Pass of Zanda County in the west with a total 
length of about 1400km. According to the distr·ibutio11 
o f the rock bod i e s , the op l1 i o 1 i t e be 1 t can b e d i \:- id e <1 

. 

into three sections: the west section comprising the 
Langa? ultrabasic rockbody· · and others, the middle 
section where the ophiolite suite is developed most 

, 

completely, and the east section in tl1e east of Dazht1ka 
rockbody including Luobusha and some other r·o c kbodies. 

Microscopic observations show significant differ·ent . 

textures for the rockbodies in different sections. The 
rocks in west section have hjrpidiomorphic grantt-lar· 
texture. The large tabular crystals of orthopyroxene 
are common and contain a great number of lamellae of 
clinoenstatite(CLEN) which is characteristic for· 
igneous rocks. The bastitized tabular crystals of 
orthopyroxene are usually orientated. The exsolutioL 
lamellae in pyroxene are less common. The c9ntorted 
structure and the mosaic texture can be see~ 
frequently. The rocks in east section are strongl~ 
compressed and show eviqent texture of metamorphic 

• 

rocks. Consequently, the rocks in west and east ends of 
Yaluzangbu Ophiolite belt have suffered from different 
stress. 

• 

The enstatite which occurs in all three section~ 
. 

has been studied using HRTEM. It can be seen from the 
[010] structural image that the CLEN domains? appear 
in all orthoenstatites (OREN). The width of domains is 
9A (a or b axes of clinoenstatite unit cell) multiplied 
by 2, 6, 10 or o.ther even numbers. It indicates that ... 
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they were probably transformed from orthoenstatite(a­
axis of unit cell is 18A)as a result of shearing.? 
However, the frequencies of CLEN domains in OREN from 
different sections are various. It is mucl1 higher in 
the east . section than that in the "est section and they 
are quite sirnilai in mi.ddle and ~est sections. Tl1is 
suggest s t h <-t t p ~T r ox e r1 e i i1 l }·1 e east sec l i on ha s s ll f f e red 
f rom stro11ge1' stress tha11 "L}1ose ir1 middle and \.V-est 
sec tio ns ha~ .. e. Tl1e J.attice of p~·roxene in east section 
i s obviot1 sl~- defor·1ned a11d d .i.sloca1_e<j probabJJ~ rest1lt.ir1g 
from stro11g shear·j i1g, com1=>ression and i mpaction . 

• 

Evident]:.- , the resl1l. t.s of l1RTEM stud:'- are 
c· o j r1 c j d e 11 t. i-: i t J1 i . }1 P f j e ] d o }) s e r ' -a t i o r1 a 11 d m i c 1 ... o s c· o p i c· 
e ~~am i n at i or 1 • I t . J. e ad s ll s t o be J i e "T e t }1 e }) re'-; i o us 
s p e c l l l at i on j r1 g e o J. o g ~ - . The re a son c au s i n g d j f f e re 11 t , 
s t ress i n east a11d west sectior1 of the o pl1 iol ite b e l t 
can be probab] 7'- descr] bed as follo\\'ing . TJ1e north"1 ard 
proj ec t i n g corn er of Kashm i r in Kestern I n dian P l ate 
h as f i r stly collided ~ith the Et1rasian Ancient 
Cont i n e n t a 11 (·I }.J l a~- e d a. s ll s t . a i n i i 1 g i~ o l c . I t 1) 1-- e '· en t~ e d 
the r o cks ir1 ~est. sectio11 '~hicl1 located ir1 the east of 
pro jecting corner of J\asl1rni1 .... , fron1 being st. 1"'011gl~ 

c omp r essed. Co1·1~~ eql1erltl~- , . it rest1l ted in J,eepj r1g 
~xso ltttion textt1re cha racterist ic f or igneous ro c ks . 
Meanwhile, the r ocks i n east · s e ction are j us t located 
in the pla c e of colli s ion betwee11 t lie I ndian PlatE: a11d 

• 

t h e . EUrasia11 4~ 11cie 1 1t Conti n e nt . . The~,. st1ffered fr om 
strong p o s t - o r ogen i c c omp r ess ion. I t.. l e d ·t o su ffic ient 
adjust~ent in solid . rocks, disappearance of exsolution 

• 

:t;extur~ : ·and forming the textt1re of me tamorphic rocl\:s 
~hich fs common in mantle-derived peridotite. · 

• • 

High-energy PIXE of heavy elements in geological 
materials. 
Halden, N.M., Department of Geological Sciences, 
University of Manitoba, Winnipeg, Manitoba, Canada, 
R3T 2N2. 
High-energy protons (Ep=40 MeV) will efficiently 
ionize K shells of rare earth and heavy elements. 
K X-ray spectra have been obtained from Au-bearing 
minerals in a sul fi de ore, a quartz ve,i n ore and 
El at i num ,Group .Elements ( PGE' s) in sperryl i te and 
rutheniridosmine. For samples in which Au is the 
only heavy element present, all four K X-ray lines 
are well-resolved and would allow quantitative 
relative intensities to be derived . . It is also 
possible to resolve all four component K X-ray lines 
for the PGE's. In cases where there is more than one 
PGE present K X-ray lines ·may overlap. For example 
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. 

Ir Ka1 would overlap Pt Ka2 if both Ir and Pt were 
present in a samp 1 e. In such an instance Pt Ka1 

would still be available for analysis. 
It has been argued that high-energy PIXE spectra 

would suffer from high bremsstrah 1 ung resulting in 
poor sensitivity and from interferences in the form 
of low-energy gamma rays occurring in X-ray spectra 
(c.f. Folkmann et al., 1974). These problems would 
be particularly prevalant in chemically complex 
specimens. Recent work done on rare-earth elements 
by Durocher et al., (1988) has shown that high 
bremsstrahlung and gamma-ray interference are not 
necessary features of high-energy PIXE analysis. 

Some low-energy gamma-rays will however 
interfere with K X-ray lines for heavy elements. 
Gamma-rays observed in this study are the result of 
proton bombardment of the sample. A discrete gamma-
ray interference (at 67 KeV) was observed during the 
analysis of electrum from Trout Lake Manitoba. The 
mineralogy and geochemistry of the sample precluded 
a simple single stage nuclear reaction as being 
responsible for the generation of the gamma-ray and 
constrained the gamma-ray to being the product of a 
multistage reaction 64Zn(p,a) 61Cu· 61 CU95+-y • The Zn 
was present in sphalerite in the sample. 

Proton-charged particle and (p,xn) nuclear 
reactions also occurred during the bombardment of a 
rut hen i ri dosmi ne sample. These ·reactions created 
excited isotopes of Ir, Os and Au. These isotopes 
decayed to ground state through electron capture and 
internal transitions accompanied by the emission of 
K X-rays. The X-rays produced by these processes 
were observed after proton bombardment and the 
various isotopes decayed with half-lives of the order 
of a few hours. These X-rays may a 1 so be used to 
provide quantitative analytical data with knowledge 
of the nuclear cross-sections for the various 
reactions. 
Durocher, J.J.G., Halden, N.M., Hawthorne, F.C. and 

Mckee, J.S.C. (1988) PIXE and micro-PIXE analy'sis 
of minerals at Ep=40 MeV. Nuclear Instruments and 
Methods, 830, 470-473. 

Folkmann, F.,Gaarde,C., Huus, T., and Kemp, K. (1974) 
Proton Induced X-ray emission as a tool for trace­
element analysis. Nuclear I~struments and Methods, 
116. 487-499. 

TEM STUDY ON DIABANTITE FROM SHENGSHUIYU, CHINA 
- - -

LUO Gufeng, WANG Yuhua, Department of .Earth Sciences 
HU Meisheng, ZHANG Fusheng, Center of Material Analysis 

-475-

• 

• 

• 



• 

• 

Nanjing University, Nanjing 210008, China 

The diabanti te studied with chemical formula ( Ko.01 
• 

N ao.otCao.02 Mno.01 Cro.04T io.ot Mg2.&1 Fe1.12Alt.30 )5.83 ( S ia.t2 Alo.ee>4.oo 010 (OH )e , 
as an alteration product of magnesio-hornblende in the 
diorite from Shengshuiyu, Sishui County, Shandong 
Province, China, occurs along the cleavage and margin 
of the parent mineral. · 

The lattice fringe image of the diabantite cut 
normal to [100] was observed on the TEM JEM-200CX. The 
spacing · between the adjacent lattice fringes of the 
chlorite is about 14.2A. A few talc-like layer with 
9.5A spacing and the lenticular interlayer gaps can be 
seen in the image. In certain area, however, the 
diabantite layer and talc-like layer are regularly 

• 

alternating with each other and constitute the kulkeite 
lattice, a 1:1 regular interstratification of 
trioctahedral chlorite and talc layers with repeat . 
spacing of 23.7A. Authors have also observed that the 
brucite-like layer within chlorite lattice extends 
along the b-axis into kulkeite lattice and becomes the 
talc-like layer, or terminates at the boundary. It 
intimates that the transformation from kulkeite to 
chlorite has taken place as a result of either the 
replacement of talc-like layer by brucite-like one or 
the insertion of an extra brucite-like layer in the 
interlayer · of kulkeite lattice. Conseqtlently, the 
untransformed kulkeite is related to the chlorite as a 
topotaxic intergrowth, and the kulkeite occurs as a 

• 

intermediate product in the process of transformation 
from hornblende to chlorite. · 

• 

Three sets of diffraction spots have been found in 
the electron diffraction pattern of the same projection 

• 

of the diabantite as that for lattice fringe image. As 
• 

a result of indexing, it is revealed that all Oil spots 
with .k.=3n for three sets are fully coincident with each 
other, but those with ~#3n are separated from one 
another. Moreover~ the spots of one of these three sets 
with g 001 =14.2A and a.•:90•, are basically not elongate 
and streaky. It is corresponding to the monoclinic or 
pseudo-monoclinic regular one-layer polytype. For the 
lattice of other two sets, the parameters measured are 
Qoot =14. 2A, but «*=78•, because the 060 diffraction 
spots of these two sets just coincide with the 062 and 
062 ones of the monoclinic polytype respectively. In 

·addition, those spots on Okl. rows with ~#3 are 
. 

obviously elongate and streaky, and they are 
• 

interlinked int~ the continuous streaks along these row 
lines. These facts indicates that both of them are 
trjclinic semi-randomly stacking one-layer polytype of 
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. 
chlorite. They are orientated oppositely and related t o 
each other as a twinning on (001). Mea nwhile, the 
monoclinic polytype is related to the tricl inic o ne a s a 
syntaxic intergrowth. 

• 

EP~fA STUDY OF ULTRAMICRON GOLD OCCURRENCE 
IN ·"- ''CARLIN TYPE'' GOLD DEPOSIT IN CHINA 

• 

-
~1AO Shuihe 
Institute of complex Ctilization of Mineral Re s ources 
Emei, Sichuan, 614200, People's Republic of China 

The invisible gold (i.e. ultramicron gold) in a 
''Carliri type'' gold deposit in China has been ·studied. 
Based on the results of EPMA, SEM study and dissolving 
test the following conclusions can be drawn: 

1. Pyrite is the most important gold bearing 
mineral. It consists of euhedral crystal core which 
contains little gold and arsenic, and rims with high 
gold and arsenic. The average tenor of Au · in pyrite is 
about 257.6 g/t, while it in rims of pyrite incre ases 
to 599.8 g/t and it in core i s less t han 81 g/t . 

· 2. The conten t o f Au i n py r it e i s c l osely 
correla t e d wi th that of As. Consequently the 
distribt1t i on of Au in pyrite can be i nvestigated and 
displayed based on the SEM image and EPMA data of As. 

3. The quantitative EPM A data shows that the 
content of Au in different points of gold rich rim of 
pyrite is considerably · different. As a result of 
d i ssolving test of pyrite the gold is not in HNO 
solution, b11t in the indissolved residues and will 
·later go into the KI+I gold leachin·g solution. All of 
these facts confirm that gold in pyrite occurs in the 
form of ultramicron native gold inclusions instead of 
isomorphous substitution. 

. 

· 4 • I. t i s p r o v e d t h a t m o r e t h a n 6 0 % o f g o 1 d 
contained in clay minerals actually occurs in very fine 
grained pyrite inclusions which are - less than lum i.n 
size and difficult to be investigated under optical 

• • m1.croscope. _ . . 
5. The gold tenors in other main ' minerals, such as 

arsenopyrite, quartz, calcite, barite etc., are all 
below the detection limit of EPMA. It can be seen also 
from the results of assay that these minerals are not 
goid-bearing ones. 
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6. The main characteristics of ultramicron gold in 
the present gold deposit, such as the occurrence, the 
positive quantitative relationship cif simultaneous 

• 

in~reasing and decreasing between Au and As, the 
microstructure of the main gold-bearing minerals, etc., 
are similar .to those in Carlin and Cortez Gold Mines, 
Nevada, U. S. A .• It indicates · that the ''Carlin type'' 
gold deposits have· their own intrinsic features • 

• 
• 

• 

7. The special occurrence of ul tramicron gold is 
- f avorable to the technological designing for oxidizing-

• 
• 

·roas ting, chloridizing and cyanide-leaching of gold 
ores • . In this case the optimum recovery of gold can be 
made by sufficient oxidization and leaching of the 
surface layer of pyrite only. Consequently, it will 
effectively save time, ener~y and reagents. ·· 

~N MIQROPROBING OF STISHOVITE AND LONSDEILITE 
M.F.Vigasina, R.Yu.Orlov, Department of .Geology, 
Moscow State University, Moscow, 119899, USSR 

. . 

High pressure minerals - stishovite and lonsdeilite 
are reliable signs of shock metamorphism in astroblems. 
However a fine size of those minerals (about some mic­
rons) make difficult their identification by means of 
X-ray scattering and IR-spectroscopy. These troubles 
can be overcame with the help of Raman micrroprobe the-
chnique. · · · · 

We present here some experjmental and theoretical 
vibrational spectra· of those minerals. It must be no­
ted that some of published infrared 11,21 ·and Raman 
(2,3] spec t r a cont radic t one t o anotlier and t o fac t or 
group analysis (Table 1) . 
Frequencies (in cm~ ) Table 1 

I I I a F I 
1 

7 a: I V J& I 9 
7 1 

7 

Sy1mn Ex erimental_ 
2 1 --*~-------

1284 9 4 9 B2g 
Eu 
A2u 
A2g 
B1u 
Eu 

950 949 . 930 
889 885 895 

764 
? • • 

634 
A1g 1162 

Eg 1056 
Eu 561 
B1u 
}?l1Zg 9;?6 

769 
730 
672 
628 

560 

3 PP di fllll I 

751 
586 

830 
800 
764 

745 
589 
568 
538 

11239 

• 

a 2 
• 
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We have studi ed micro­
crystals of s t ishovite 

( 30 mcm) synthesied 
at 1000°0 and 9,6 GPa. 
Our experimental re­
sults coincide with 
[3] and contradict to 
(2] • Confinnation of 
these results was re-
ceived through the 
vibrational dinamic 
calculation using ge­
neral valence force 
field. 

The set of internal 
coordinates is given 
Factorgroup analysis 
show that only 4 mo-



• 

des are active in infrared and 4 modes - in Raman sca­
ttering. The force constants (in 1cr8 cIJif. )achived in 
calculation are next: KQ= =J,7; Kd=6,e4; Kf=J,1; 

= 2,8; K8=J,2; h1 =9 1 58; =O,~; . A=a=0,2J~ Here "a" 

With the adjacent bond! hi. and ~ a~e no~diagona~ con-
stants . of Q-q interaction; Kd describes interaction 
between oxigen of neigbouring octahedrons • . The -value 
Ka q.. is ill good agreement with correlation K3 . 0 -
~si-o proposed in [4] for siliates. _ 1

-

0btained results show that Raman spectra resented 
in [ 2] as well as infrared bands 634 cm-1 [2 ,628,672 
and 730 cm-! [11 does not pertain to stishovi te. 

Lonsdeilite was obtained as fine powder by the me­
thod of shock synthesis. The experimental Raman spec­
tra received at the first time contains three broad 
lines Table 2 • ·· 
Fre uencies Ta e 2 Factor-group analysis gives 
Synnn · Cale. xp. vibrational representation: 
A1g 1335 1335 r =A1g•E1g*E2g*B1g+B2u+E2u. 
E1g 1249 1243 Only J modes - A1g,E1g and· 
E2g 1212 1184 E2g - are active, and only 
B1g 1215 . in ·Raman scattering. 
B2u 1049 Theoretical vibrational 
E2u spectra of lonsdeilite was 
calculated with orce constants of diamond. , 

Thus using received data successful identification 
of stishovite and lonsdeilite can be achieved by the 
microraman technique. 
1.Lyon R.J.P.Infrare4 confirmation of 6-fold coordi­

natmon of silicon in stishovite //Nature,1962,v.196 1 
P. 266-267. - · ... 

2.Von Czarnowski A.,Hubner K. Raman .and infrared in-
vestigation of stis~ovite // Phys.Stat.Sol.(b), 
1987,V.142, K.91-96. . 

J.Hemley R.J.,Mao H-K, Bell P.M. Lattice vibrations 
of high-pressure s102_phases // Physica,1986,V.140B, 
P.455-457. . 

4.JiasapeB A .Ho ,:VIr11aT:oeB lf" C. , TeHlillleBa T. w. KoJre6aHM 
ilpocT1IX rAoJieeyJI co CM3mvI1'1 Sl·-D .JieH:v1Hrpa;J: I980 

ELECTRON MICROSCOPICAL STUDY ON AUGITE ALTE~ATION 
• 

• 

WANG Qi.ming Electron Microscope Laboratory, Physics 
Buildi~g, Peking University, 100871, Beijing, China; 
R. A. Eggleton Geology Department, The Australian 
National Univ. Canberra, ACT 2601, Australia · 
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Electron microscope examinations of augite in mafic 
monzonite, which sampled at Mt. Dromedary, Narooma, 

. 
N.S.W. of Australia, have revealed a wide variety of 
secondary products being formed through augite 
hydration reactions, both by hydrothermal alteration 
and weathering. The product phases by hydrothermal 
alteration were to be amphibole, jimthompson~te, 
chainwidth disordered pyriboles (mainly 2 and 3 
chainwidth mixtures) and chlorite. Uralitization of 
augite has been observed by multiple mechanisms, either 
by a bulk transformation along a broad reaction front 

• 

or by the nucleation and growth of narrow lamellae. A 
step sequence has also occurred, · identified from 

. 

textural observation, that augite transforms to 
amphibole, firstly forming a hydrous pyribole· zone in 
which single, double and triple chain lamellae are 
predominant, then followed by a reordering mechanism by 
which bulk amphibole replaces the highly ~ydrated area, 
with reac~ion proceeding inward. The amphibole cell 
dimensions are 1-2% larger than augite's; because of 
this mismatch of the crystal lattices, . the bulk 
replacement has created many microfractures, arranged 
in the amphiboles as a. pattern of diamond mosaic 
_fragments bound by ( 110) cleavage • 

• 

• 

.. 

• • • 
• • 

• 

1 1 

Augite hydrothermally 
different chain-width 
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Superimposed weathering of augite has attacked the 
crystal at th~ sites which have excess energy, 
especially on the outcrops of dislocations, inte.rface 
boundaries and defects, resulting initially in the 
formation of lOA layer silicate which is in a 
topotactic relatio_nship with the augite host. The 
initial topotactic replacement of lOA layer silicate is 
disrupted by a stepwise hydration that gradually 
proceeds to form a mixture of weathering products, 
noncrystalline and layer-like curved materials (12-15A 
basal spacings) which bear no regular relationship to 
augite, then in a final stage giving way to recombine 
and to enlarge these curved materials into thick, 
packed, curly smectite (nontronite). Noncrystalline 
phases contain abnormally high contents of iron, more 
than can be accommodated in nontronite. The iron was 
firstly released into solution, then precipitated as a 
cell-like metastable phase approaching goethite. 

•RE > G 0 Ii, . ~ NU AR S 4' 

-.a.'l.O AL S S 

Z ou Jla iong , stitute of Mineral Deposits , CA S , 26 alwanzhuan2 
Road , Bcijin2 00037 , China 

• 
• 

• 

The electron probe microanalysis has gained acceptance in gcosciencc as an 
• 

essential tool in the chemical and microtextual analysis of minerals . 

Unfortunatly , their arc few internationally avuil~Lb1c sources of standtlrds for 
. 

electron probe microanalysis of minerals , although a lot of work on data pro­

ceeding has been und~rtek . Nevertheless , there is a genera] consensus that it is 

desirable usi11g sta11dards of sirnilar con1position to the rnincrals to be analyzcd . 

That is why we did a considerable amount of work on standards for electron 

probe microanalysis for about 10 year. 
• 

Mineral standards must satisfy rigorous criteria . The main important points 

arc both homogeneous and have an independent chemical analysis , as well as be­

ing stable under the electron beam and capable of taking a high degree of polish 

(Potts , 1983 ) . 'J~l1crcJ'o1·c llcrc we p1·cscl a 11cw procedure us u suggcslio11 011 
tcchnic~J .>pccifications for preparing standards . The new procedure includes fo1- . 

• 

lowing point : Selection of material -,- ·separation and cheeking purity , 
• 

measurement of homogeneity , measurement of stability , · chcmicaJ analysis , 

compiling report, packing and preservation . 

Specific procedures with regard to the mcasuremcn~ of homogeneity arc as 
. 

following: 1. Analyzcd grains must be 3 x ~ , three analysis poin!s for each 
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grain , three counts tor each point. That is, when total grains arc 1000 , the JU 
grains shoud be anaJ.yzed , 270 counts arc mca~urcd . 2. Measurements arc pcr­

f or·rncd under following conditions : 10-25 KV accelerating voltages 

depended on· fiffercnt composition • more than 10 nA beam current~ 1 µm diam­

eter beam spot , the tot~l counts more than 10000 . 3. The homogcncit index is 
• 

• 

dctcrm i 11cd : 

JI I:: S
2 I S

2 

w b 
• • 

• 

• 

2 1 .. • - 2 1 .. 2 

m n ,_ 1 ,. 1 m ,_ 1 
• 

s2 ~ s1 - .! s2 
b I n W 

F==nS
2
/S

1 

· I w 
• , 

• 

If f{I < 2~5 for suphidc or < 3 for others , the minerals can be used to be 

standards. F only used to be criteria for homogeneous or.not. 

Seven groups of standards , including 56 multiclcment standards , 30 

ordinair Bence-Albe oxide--silicatc standards , 20 special oxide standards , 15 

sulphide standards, 10 light clement standards and 30 rare element standards arc 

being prepared and nearly finished . 
. 

Reference 

1. Boyd, F.R. et al., 1967, Carnegie Inst. Wash. Year book, 67, 210-215 . 
• 

2. Jnroscwich • J .A. et al. , 1980 , Gcostandards Newsletter ; 4,43-47 . 

3. Potts, P.J. et al., 1983, American Mineralogist, 68, 1237-1242. 

4. Zhou Jianxiong_, Mao Suihe , 1989 , Electron Probe Microanalysis (book , in 
. ' 

Chinese). 
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ELECTRON . MICROSCOPY 
MINERALOGY 

• . 

APPLIED TO 

EXSOLUTION MICROSTRUCTURBS OF NATURAL CLINOPYROXENES 
AS INDICATOR OF THE COOLING HISTORY: A TEM STUDY 

• 

W.F. Muller1 >, W.Skrotzki1 >, J.Tope11 >, 
1) Institut fur Mineralogie, Technische Hochschule, 
Schnittspahnstr.9, D-6100 Darmstadt, 2) Institut fur 
Geologie, Universitit Gottingen, Fed.Rep.Germany 

. 

Exsolution phenomena in pyroxenes have been 
extensively studied by petrograp~ic microscopy, X-ray 
methods, and by methods of transmission electron 
microscopy (TEM),. including electron diffraction and 
energy dispe·rsive X-ray microanalysis (EDX) • Numerous 
excellent researchers have contributed to our present 
knowledge. The stand of the art in the field of TEM 
until 1980 has been thoroughly reviewed by Buseck et 
al.(1980). Since then, progress in our understanding 

• 

was demonstrated by many papers, e.g. Kitamura et 
• 

al.(1981), Ried and Fuess (1982), Rietmeijer and 
Champness (1982), Feuer et al.(1989), Livi and Veblen 
(1989). Clinopyroxenes of interm~diate composition 
within the pyroxene quadrilateral MgSiOa-FeSiOa-

• 

CaFeSi20a-CaMgSi20a from basaltic rocks commonly dis-
play lamellar exsolution into the Ca-poor clino­
pyroxene pigeonite and the Ca-rich augite. Two dif­
ferent orientation relationships are observed: ''001''­
lamellae with aaue If aptg, baug II bp19, and ''100''­
lamellae· with Ca u e II Cp 1 " , ba u si II bp 1 " • 

We studied the variation of the microstructure of 
clinopyroxenes across a basaltic sill (Whin Sill, N.­
England) at localities of different thicknesses (be­
tween 2.35 m and 59.20 m) •. With decreasing cooling 
rate, the following sequence of types of exsolution 
microstructures in clinopyroxenes of Ca-rich bulk com­
position could be established: (1) non-periodic fluc­
tuations: (2) modulated structures on (100) and (001); 
(3) coarsening of the modulated structures to coherent 
''001''-pigeonite exsolution lamellae with widths in the 
100 A range; (4) ''coarse'' ''001''-pigeonite lamellae 
with widths mostly between 200 and 500 A: (5) two ge­
nerations of ''001"-pigeonite lamellae; generatiori I: 
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coarse lamellae like (4), about 0.1 to 0. 8 µm d is t ant : 
• 

in between , separated by a precipitation free zone 
(PFZ), generation II like ~ <3) with widths 'from 30 to 
150 A: (6) complex microstructure, similar to (5), in 
addition _with ''100''-pigeonite lamellae which formed 
about at the same time as the "001"-lamellae of ge­
neration I. The development of the exsolution micro­
structure as observed across the sill was plotted into 
a diagram with different cooling paths. These were 
calculated using the one-dimensional heat flow model 
Qf Carslaw and Jaeger (1959) for different positions 
within and for different thicknesses of the sill. 
Thus, a TTT-diagram was obtai ned which can be used for 
a rough estimation of t he cooling hi s t ory of suitable 
volcanic and hypabyss i c rocks . 

I n . reg ions of sufficiently s low cool in·g rates, 
t he generation II of '' 001 ''-l amellae is only observed 
when t he distance between the lamellae I is larger 
than 0.35 µm. In microstructure type 5, the PFZ widt hs 
increase with the widths of lamellae I. Both ob­
servations reveal fossil diffusion profiles around the 
lamellae, which were partially confirmed by EDX. 

TEM-analysis of different types of exsolution 
lamellae in Al-augite websterite dikes of the peri- . 
dotitic Balmuccia massif (N.Italy) showed the follow­
ing: There exist two generations of ''100'' and ''001 '' 
pigeonite lamellae; generation PI and ?II. The PI­
lamellae have a width larger than about 0.2 µm. The 
interphase display misfit dislocations. Generation 
PII, width < 0.2 µm, are mainly of the ''100'' type; 
they nucleated at dislocations. The pigeonite/augite 
interface orientations and relative lattice rotations 
(obtained by CBED) have been used as geothermometers 
(Robinson et al.1979). Exsolution temperatures estima­
ted are about 900 °c for PI and s 500 °C for PII. 

TRANSMISSION ELECTRON MICROSCOPY OF THE HIGH-Tc 
SUPERCONDUCTORS YBa2Cua01-x and Nd2-xCexCU4-r 

W. F. Muller,. P. van Aken, Insti tut fiir .Mineralogie, 
Technische Hochschule, Schnittspahnstr.9, 
D-6100 Darmstadt, Federal Republic of Germany 

' 
• 

YBa2Cua01-x has the space group Pmmm and the ap-
proximate lattice parameters a = 3.82, b = 3.89, c = 
11.68 A. At temperatures above about 700 to 750 oc, it 
is tetrago~al, P4/mmm. Nd2-zCexCU04-v belongs to a new 
family of oxidic superconductors which has found con­
siderable interest, because it shows n-type conduc 
tivity above Tc in contrast to he oxidic high-Tc 
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superconductors known so far. Superconductivity is' 
observed in samples of Nd2-xCexCuOc-v with x between 
about 0.14 and 0.18. Most crystals of· Nd2-xCexCU04-v 

. in the superconducting samples have the stru~ture of 
Nd2CU04 with the space group I4 /mmm and the lattice 
parameters a= 3.95 A and- c = 12.16 A. We used methods 
of transmission electron microscopy '"· including electron 
diffraction and energy dispersive X-ray microanalysis 
in order to characterize supercond~cting ceramic 
samples of YBa2 Cua 01 - x and Nd2 - x Cex cuo .. - v~. .,..,, 
YBaaCu307-x. Two ceramic samples were studied. The 
one, TW037, was prepared by T.Wcilf, KfK Karlsruhe. It ._.... 
displayed a Tc of 93 K and a density of Pfl. %; its 
(average) composition was YBa2CtiaO&.e1. the ceramics ,.,. 
consist of YBa2Cua07-x crystals (with a grain size of 

r 

about 1 to 10 µm) and additional phases which have an ~ 
amount of about 0.1 %. The dominant crystal def·ects of -­
YBa2Cua01-x are twin lamellae on (110) and (llO). When 
they intersect, a kind of chess .board pattern is 

• 

formed wich gives rise to complicated electron --
. di.ffraction patterns-. Free dislo·cations with the 

Burgers vector [100] or [010] were ·occasionally seen. 
The additional phases found were Y2BaCu05, Y2Cu205, 
cuo, BaCu02 ·and amorphous YBa2 Cua 01 - x • Y2 Bacuo~ and 
Y2Cu205 occur as intracrystalline inclusions, cuo and 
BaCu02 as fillings of triple point junctions. The few 
grain boundary phases observed were mostly amorphous 
iayers 5 to 15 nm in width. - . · 
Nda-xCexCU04-Y· The samples of Nd2-xCexCU04-y were 
produced by sintering the appropriate composition of 
Nd203, cuo and Ce02. Three different samples were 
studied: sample (1) with composi~ion 
Nd1.eeCeo.12CU04-v, non-superconducting; (2) with 
composition Nd1.e4Ceo.1&CU04-r, superconducting below 
Tc = 21 K; (3) with composition Nd1.a&Ceo.14CU04-v 
(superconductivity not verified). Tetragonal 
Nd2-xCexCU04-v is the dominant phase in all three 
samples and comprises more than 99 volume percent. Its 
grain size varies between 1 and 10 µm. Dislocations 
connected with low angle boundaries as well as free 

. dislocations were ·observed. Spheric$1 .and ellipsoidal 
inclusions of {Nd,Ce)- oxide are frequently seen. · 

• 

Their size is about 0.1 µm to 1.2 µm, the atomic ratio 
Nd/Ce between O.~· to 1.25. In samples (2) and (3) some 
$mall crystals of Nd2-xCexCU04-v_, about 1 to 3 µm in 
size, were observed, which obviously have structures 
different from the bulk material with the tetragonal 

• 

I4/mmm structure. · We found two different ·structural 
modifications. The one type of structure may be 
described as commensurate superstructure of the basic 
~etragonal I4/mmm structure. Electron diffraction 
patterns of such crystals display superlattice 

• 
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reflections of the type h ± 1/4, k ± 1/4, 1 = O (Izumi 
et al.1989, Van Aken and Muller 1989, Chen et al. 
1989). In one case, we observed a crystal with 
incommensurate superlattice modulations which showed 
diffuse superstructure reflections and wavy lattice 
fringes. · The other modification is orthorhombic. The 
original tetragonal cell with a ~ 3.95 A is now 
distorted to an· orthorhombic cell with a ~ 4.14 A and 
b ~ 3.71 A. Additional reflections demand a doubling 
of a and c. All crystals of this structural type 
display twin lamellae on {110}. The orthorhombic 
crystal~ share the orientation of the twin plane and 
the crystallographic c - axis with {110} and (001] of 
the tetragonal matrix . 

ELEC'fRON DiffUAC1'10N 
MICROSCOPY APPLIED IN 

AND HIGH 
MlNI-:RALS 

~ .. :H<>L,lJ'I' l ON E Ll4:C'l'RON 

Li fe'ang-hua, Jnstitute ot· Physics, Ac!acicmia Sinica, 
Beijing, 100080, China 
The strong dynamicaJ scatterin~ ot· e I <~c ! trons mak<~s the 
electron dit"fraction more powerful than X-ray 
diffrac tion i n st:udying ' sup<~ rH l ructures and 
i n c omme n s ura te st ructt1 res o t· c rystals. 'l'he developmen t 
ot· h i g h r(~ sol tJ t i <>n electron microscopy ( HUEM) at·t·ords a 
flt!W 1L1,prc>11<'h t.c> c~rys t.11 l st.rt1cture det.ermination. HREM 
is suitable lo stJudy minute crystals and crystals with 
defect.s. The struct.u re i mage taken with Lhe high 
resolution elect~ron microscope mi rror·s the ... pro.jected 
st.r11cture intuitively. However, in order to determine 
tt1e position <>f. atoms by HREM, the work is tedious and 
t.he technique remains to be improved. The present 
paper concerns the study of some minerals by electron 
dif"fraction and HREM. It aims at demonstrating both 
advantage and disadvantage of the techniques. 
1'he electron dit"fraction patterns(EDPs) of ankangite 
(Bao.s27(Ti5.821V2.294Cro.053)0t6 show rather strong 
satellite spots for each basic spot so that the one-
d i mensi onal incommensurate character is recognized 
straightforward and the modulation wave is determined. 
The structure model has been p~oposed and discussed on 
the basis of· both EDPs and images. The samples of 

• 

antigorite from Xiuyan jade and that from Matterhorn 
serpentine have the same substructure but different 
superstructure. High resolution electron microscope 
images show plenty of defects and the wavy structure. 
The positions of atoms located at two turning points in 
the wavy st: rlJCt.ure has been de1.ermined by HHf~M. 
H\Jan~hoi t.e ( Hac;e ( c;c>:i) i:) and ceba i t.e ( •l a:ic;~:2 ( c;<>3) 514"2) a r e 
t·rom t.he sam<'! f·am i I y a nd h ave s i mi I a r subs t. r u ct#u r e . 
'I' he i ma~ e c <> n t. r as t c hange w i t: ~ cry s ta I t, h i ck n e s s has 
t1een Rtudied t·or hua ngho i-t e o t· wh i ch t.he structure i s 
kno wn . it is f o u nd tha t under a certain c r ys t a l 
th ickne s s the contr i bu ti on of l i gh t atoms to image is 
c omparable w i t. h t hat o 1·· heavy a tc>ms . 1'h is i mp.I i es t h e 
p <> s s i l> i J i t~ y t. o d e le r m i n e t. h c p o s i t i on o t• 1 i ~ h t atoms by 
HREM, whi c h has been confi rmed Jater in lhe structure 
d e t ermi na t ion of c eba ite . 

• 
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EXPERIMENTAL AND COMPUTATIONAL 
• • 

RESULTS ON MANTLE MINERALOGY 
' 

• 

• • • 

MINERAL INCLUSIONS IN THE CHINESE DIAMONDS ~ 4,2_1 __ 
• 

DENG Chujun, HUANG Yunhui and ZHAO Donggao,~nstitute of 
Mineral Depoaita,Chineae Academy of Geological Sciences · 
Baivanzhuang Road 26,Fu Wai, Beijing 100037, P.R.China _ 

The mineral inclusions in the Chinese . diamonds exa­
mined are olivine, pyrope, enatatite, phlogopite, dia­
mond, chromite, graphite, rutile, zircon, magnetite, 
hematite and apatite. Moat ot the inclusions belong to 
protogenetic or ayngenetic inclusions·, a small number 
or them are epigenetic.According to the morphology of 
the mineral· inclusions, they are divisible into three 
types: 1) minerals possessing well-defined crystal 
forms; 2) mineral fragments; 3) amorphous substances. 

The investigation of a large parcel of the Chinese 
diamonds show that the abundances ·and types of mineral., 
inclusions in diamonds vary with the source areas and 
genetic types of mineral deposits. For instance,in Shan-

· dong 3o.8~ of th~ diamonds obtained from the No.1 kim­
berlites zone (including the well-known Victory ·1 kim­
berlite pipes) contain mineral inclusions, and the · mi­
nerals inoludeq commonly have well-defined crystal 
forms; whereas in the Tancheng diamond alluvial deposit• 
the diamonds with inclusions eonatitute 75.2% of . all the 
diamonds recovered, and the minerals included are rarely 
perfect, moat of them are graphite or the fragment• or 
other minerals. From this it can be inferred that the 
Tancheng diamonds. didn't come from the No.1 kimberlites 
zone. 

• 

Diamond: One diamond inclusion . was obtained and this 
is octahedral and faintl7 blue, and wasn't subjected to 
resorption. A dark carbon tilm was observed to cover the 
steplike faces of the included · diamond. · 

• 

Olivine: Olivine inclusion• are granuiar or shortly 
priam~tic, having well-defined crystal forms. Two or 
more single olivine incluaiona ·are often observed di•­
tinotly to occur in one diaaond c17atal. Sometimes oli­
Yine and purplish red p,-rope inclusion• coexi•t ·in one 
diamond. Occasionally the oliYine inclu•iona occur ·a• 

• 
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colorleas pseudo-tetragonal prisms and resemble zircon. 
But the R an spectra can di•tinguiah them. 

.• 
Table-1. The X-ray diffraction data ot the pyroxene inclusion 

• 

d (1 ' 3.15 2.85 2.70 2.47 2 .10 1.96 1.77 
. 

. 

• 

I/lo 9 8 1 10 2 1 1 

0 
• 0 .2 . 56 

• 
• m 

~ 
CTJ 

a 2 .54 • 

a 
• a 

• (0 
tD 

2.52 

2 .50 

360.0 540 .0 . 7 20. 0 

)\ ~S/4•S- /:J ' 2 C-wt-1 / -uc. . 
Figure 1. The Raman ape ctr wr1 of 
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Pyroxene: Pyroxene' inclusior.1b are shoi-tly-- prismatic 
crystals, sometimea·elbow crystals, and were subjected 
to slight resorption. The pyroxenes are colorleas, po­
ai tive in optical character under microscope. A retrao• 
tive index of 1.689 was measured. The average ot the 
two analyses of electron microprobe ot a py~oxene in­
cluaion is Si02 58.90%, Mg037.48%, FeO 3.62%. The X-ray 
di:ffraction data and the Raaan· apectrum ot the same in­
clusion are gived in Table 1 and Figui-e 1 respectively. 
Apparently the p7roxene is orthopyroxene, i.e. enata-
ti te, and may be assigned to the ultraaafic suite inclu­
sions (H.O.A.-Meyer, 1985). 

• 
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A RARE MANTLE PYROXENE XENOCR¥ST 

Cl1ina 
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C e r1 oz o i c H a111111 o b a · b as a l t· s c o tl t a i rl a b ttrt tl ar1 t p e r i d o -: 
tite xe11olitt1s., it1 additlort tltere is a peridotite mas­
sive ( tl1erzotl te predomir1atety) wi tlt size of 330~<:7rJ m2 

in Damaping, Wanqt1an county, Hebel provi11ce.Tl1e perido-
t i te mass iTv-e cor1tal11s · abo11t 22 .~.1· of p icr it le basalt . . 
veirts. Zhou Yongzl1artg and l110 Zl1aoht1a have d_iscovered 
a gr e en p yr ox e 11 e x e 11 o c r y s t w i t 11 s i z e o f 16 ~ ... -: 1 O ~-=: 6 cm 3 

111 one .of t11e plcritic basat .t veir1s. T.l1e pyroxer1e xe110-
cryst is ccimposed of Opx and Cp~ i11 ban1led intergrowtl1 
t ex t t1 r e , w l1 i c 11 i s b e t i e ". e d t o b e a p. r o 1.f. tl c t o f ex s o l tt t i o 11 

from primary l1omog e11e Otts p y ro:'e rte sot i tf s o·t tl t i 011. Bo tit 
widths of the banded Opx and Cpx are abot1t equal, 

. r~nging from 0.05 to 0.5mm. Moreover, the banded Opx has 
exsot11tion tametta of Cpx, wl1ich is too thin to deter­
mi11e its cf1emicat composltior1 by tnicroprobe, ar1ti wtiic11 
may be res11tted from the se~or1d exsott1tio11 ·event. 

The compositions of banded Opx and Cpx are enstati­
te, Wo2. 9Er1:1a .• SFs:J. 6_, ai1tf Gr-beari11g (0. :17 1~~·1)· (~r2 Q3 ) er1dio­
pside, Wo43.5En53.0FsJ.57 respectively. The estimated T 
a11d P for tl1e formatior1 of. bar1d.e1:l ()px art1l· Cp:x by some 
geotl1er1not1ar·ometr.ies is abot1t 11s2-c: ar1t1. 31). Skb, re.spe­
ctivety, which represent the P-T conriitiort of the first 
e :-< s o l u t i a·n e v. e rt t • . T l1 e b t1 l k r: !t e tn i c a. t c o n1 p o s i t i o r1 o f t f1 e 
pyroxene xenocryst _, wl1ict1 represer~t the compositior1 of 
primary pyroxe11e before e:9<solt1t ior1 evertt, is Wo24. S ~ 
En63.5Fs7.0,and has been plotted Ln the region of immi­
scibitity gap of casio3-MgSi03-FeSi03 triat1gte .. We Sttg­
gest catting the pyroxene xenocryst as enstatite-diop­
sitle • . From higl1 presst1re mettirtg experimer1t of KLB...:1 
therzotite,Takal1asl1i (1934) indicated that the immisci-

• 

bitity. gap of Opx an~. Opx is narrowed down with in-
crease of pressttre. Above tl1e presst1re of 30 kt1 tl1e pe­
ridotite KBL-t at sotid.11s consists of olivine, pigeoni­
t ic ctinopyroxer1e witho11t Opx, wl1ich is a single pyro­
xene peridotite. The pigeonitic cti!topyroxene l1rive com-
positioh of Wot9.3Er173.4Fs7.3 (30kb) ,Wot5. tEn76.3Fs3.1 
(50kb), Wo1•J .. •JEr17:J.5Fs6.-6 (140kb). T!te bttlk con1posi-

tion of pyroxene xenocryst is ~imitar to tl1at of Taka­
l1aslti' S pi georli t i C Cl i11op:v·ro:,ene. T~1kal1ast11 }tas COrlS i -
dered the single pyroxene peri1iotite to be similar to 
the protogranutar therzotite by Mercier arid Nicolas 
( 1975) , arid to tie a l1igl1 pressttre ( 50-70 1=t• ) res irliie 

in eqt1itib .rittm witl1 komatiite magtna. T!1erefore, it .is 
s11ggested tltat the pyroxe11e xer1ocr:,;st irt Da1napir1g may 
be a segmert.t from t!1e singt~ pyroxe11e peri1!otite_=- t!te 

-489-



• 

• • 

up p e r rn ar1 t l e r e s i d it e i 11 e q i1 i l i b r i tl n1 w i t 11 k o ma t i i t e ma g - . 
ma., probat1t~- ir1 tl1e early stage of ear.tl1. Some time 
after, the single pyroxene peridotite has been moved 
t1pward as a diapir to about tl1e 100 km from the depth 
of 150-200km,and h·as been became the therzotite because 
of tl1e formation of Opx a11d Cpx from the primary homo­
ge11eo1ts p;-: roxe11e by tlte exsotutio11 eve11t. It is sugge­
sted . tl1at tl1e peridotite !1ave a megacryst texture below 
th~ depth of 150km. · 
· Based 011 tlte ci1emicat composi tior1s of tl1e bar1ded 
Opx arid Cpx, as 'Nell as tl1e bttlk pj;roxe11e xenocryst, tl1e 
estimated amou11t of about 53. 2,91) Cpx and 46. 3.%· Opx 
from primary pyroxene may be formed during the exsotu­
t ion event. If there is no met ting event during or after 
diapiric · ascendi11g, tl1e upper mar1tle tl1erzoti te above 
the depth of 150 km in the regiori has Cpx to be equal 
or some more than Opx in . the amount. The therzotite xe­
t1oti tl1s in ~lie Ha1111out1a tiasat ts l1a-v-e 35,%. Cpx arid 65,9-6 
Opx itt_proportior1 ir1 ar1 average of 9 samples ., i.e. Cpx 

·( 0 p x i n . t 11 e am o 1111 t ·' w 11 i c .h s 11 g g e s t s t 11 a t t 11 e · t l1 e r z o l i t e 
xenotiths in the Hannouba basalts are upper mantle re­
sidue after the basal tic met tir1g e\~ er1t at the ·deptl1 of 
;~~ t 0 0 km • . 

A STRUCTURE-MINERALOGICAL STUDY OF RINGWOODITE* 
• 

Fu Pingqiu, Xie Hongsen and Zhang Liaing, . Institute of Geochemistry, 
Academia Sinica, Guiyang, Guizhou 550002, People's Republic of China · 

. , 

A·s one of the major rock-foraing ainerals in. the crust , and upper 
• . 

mantle, the structural evolution of olivine reflects the T-P conditions in 
the transition zone. In the present work, the structure of ringwoodite 
( y -FeaSi0 4 ) was studied by means of X-ray powder diffraction, showing that 
27.5% of the Si atoms occupy the octahedral sites. Therefore, ringwoodite 
belongs to the mixed structure type of the normal and 'the inversed spinets. 
This result is conformable with the Mossbauer analysis of the mineral . 

. 
... 

· Experimental Specimen. At 30 kbar and 1ooo·c fayali te was firstly 
sythesized from the mixture of FeO and SiO •. After that the black powdered 
ringwoodite was synthe sized in a II-stage anvil high-pressure capsule at 
about 70 kbar and 9oo·c. The measured specific gravity D=4. 75 g/cm 1

• IR 
and powder XRD analyses provided evidences suggesting that the mineral 
is of the spinet structure type. FdJm, Z=8. 
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Deter•ination of Crystal Structure. Chosing a particle •easuring 
about 0.3 .. in size, we took its Debye photograph with a Gandolfi cUtera. 
After hkl was worked out fro• sin• a ,/sin• e Al the unit-cell paraaeters 
were ea tcu l ted 1 a=8. 219A, based on the extrapo tat ion of cos• a< l/ a+ l/s in 9 ) 

proposed by Taylor et al., with V = 555.2 Aa and De= 4.877 Q/ca•. 
. 

Making use of a crystal-intensity scale we measured I, fro• which 
J-l/_M_L_P could be calculated as IFo( . In the present paper the Lagrange's 
interpolation method was used to work out the ato•ic scattering factors 
which couldn't be .obtained froa references. With the simplified formula on 
the sy .. etry of the crystal we calcu~ated fFcl in the following steps, 
First, on the basis of the structure of spinet <Mg.SiO.>, whose atomic 
coordinates are Fe(5/8,5/8,5/8), Si(0,0,0) and O<x,x,x), after trying a few 
cycles, we let x equal the value froa the series 0.363 0.383 of an 

equidi fference of O. 002. At the saae time, we Let Oc ( Si in 
o c t ahed r a / total Si ) equal the value fr oa the s er ·i e s 0 0. 4 7 5 of an 

equidifference of 0.025. Correspondingly, fFcJ and R were obtained. As a 
result, the authors found that when x = 0.379 and Oc = 0.275, R = 0.077 up 
to the miniallll, accoringly the structural formula is 

S. ' 61 s· F )' 41Q with the bond Lengthsa < Fe • . • , a 1 • . 1 a 7 ) < 1 o • ., • • e o • a , s 41 

cFe,Si)' 61 0 2.022A and CSi,Fe>'' 1 0 1.836A. 

Discussion. (1) With increasing T and P t~e atoms in olivine tend to 
• 

become aore closely spaced, with longer Si 0 and shorter Fe 0. Hence, 
its structure turns into the spinet structure type and tittle difference is 
shown between Fe 0 and Si 0 bonds. (2) Because in the specimen used in 

this work 27.5- of the Si atoms occupy the octahedral sites its structure 
• 

belongs to the mixed type< 72.5~ of the normal and 27.5~ of the inversed 
• 

spinets ). (3) As far as Fe•· Mossbauer spectrum of ringwoodite are 
concerned, by comparison with the spectra of relative minerals, the Q.S. of 
the outer peak is related to the 6-fotd coordination and that of the inner 
peak is related to the 4-fotd one. This coincides with the XRD analysis. 
(4) The amount of the inversed spinet structure type in the crystal 
structure of ringwoodite is closely related to T and P. More detailed work 
will be done in this aspect. 

* The project supported by 
China. 

the National Natural Science Foundation of 
• 

• 

A SUMMARY ON THE SERIES OF PYROLYTIC FACES CHANGE 
OF KAOLINITE IN NATURE 

• 
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• 

Liu Chanaling , Tianjin Geolo2ical Academy of Ministry of Metallur2ical Industry 

of China , 42 Y ouyi Road , Tianjin 300061 , China 
• 

• . -

The author found a series of products from pyrolytic faces change of Kaolinite 
. 

in nature. Combining relative material with author's new opinion, a long-standin2 

problem that has been debated for a lon2 time bassically is solved. The kind of·new 

type of ore deposits is significant in science and of certain value economically, as 

well as unprecedented in home and abroad. 

1. The present of stron2 anisotropy and 2V of metakaolinite indicates that it is 

quasi-crystalline or semicrystalline minerals. It refutes the theory of mixture amor­

phous and co~pound homogeneous body or uniaxial crystal. This metakaolin can be 

found fast in nature. Then followed the discovery of new type of-pyrometamorphic 

bauxite deposit with metakaolin-corundum and clay deposits with high Al. Fine 

2rained corundum (formed by dehydration ·of diaspore with no change in crystal) as­

sociated with metakaolinite (formed by dehydration of Kaolinite and retaining crys­

tal form) was formed from widely distributed Mid-Carboniferous bauxite with gen­

tle occurrence and partly exposed at the surf ace overlying the tertiary and 

Quaternary basalt, through thermometamorphism heating from top down. ward, at 

forming temperatures between 450°C and 850t . 
• 

2. It is first time for finding Si-Al-Spinel in natur. The theory of continuity 

and succe~ion in composition is definited. The result of comprehensive measurment, 

especially of identification by infrared ray (showing an asymmetric valley as a duck 

mouth) agrees with facts. Si-:-Al-Spinel ore has been found in small scale in Shanxi 

and Xinjiang, some has been used in refractory industry. 

3. As the temperature of second exothermic peak of Kaolinite increasing to av. 
f 

1200 t , the primary mullite and other mullite are formed. Then the new type of 

mullite deposits can be formed for minin2. 

Middle zone coarse mullite metatype bauxite deposits occur in a skarn type 

deposit, Wuan area, Hebei Province. The ores were the metamorphic products 
• 

through contact between Middle Carboniferous ser·es bauxite and Yanshan Period 

diorite consisting of predominantely the coarse columnar form mullite (it was as-' . 
sumed to form at temperatures above 850°C with slow cooling). Accessory minerials 

are corundum, sericite, spinel and ma2netite, etc. The ores were found only in tow 

drillin2 holes and therefore estimated to be small in size • 
• 

• 

Epizone acicular mullite type bauxite deposits occurred in a skarn type deposit 

in Lin country, Henao Province. Fine acicular mullite was formed by contact 

metamorphism between Y anshan Period dioritic porphyrite and Middle 

Carboniferors bauxite clay strata in the vicinity of the surface because of rapid cool­

inR (similar to the .incrustation of refratory clay ill an artifiCal ·2lass cruscible and 
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characterized by acicular hairlike mullite feature), but its formin2 temperature was 
. 

still above 850t. These deposits are small.in size, and have been mined on a small 

scale for refractory materials . 

. 

GREEN GARNETS FROM LIAONING KIMBERLITE, CHINA 

LU Fengxiang, REN Yingxin, ZHENG Jianping, Department of Geology, China Uni­

versity of Geoscience, Wuhan, 430074, People's Republic of China, TAYLOR L.A. 

Department of Geological Sciences, University of Tennessee, Knoxrille, TN, 37996, 

U.S.A . . 

Gamet is one of the characteristic minor minerals and widespread in kimberlite. 

Many researches have been done on color, composition and paragensis of garnet as well 

as the indicative significance for diamond exploration. Particularly, the lilac-red and or-
• 

ange-yellow garnet series, including lilac, red-purple, red, orange, pink and yellow 

garnets have been studied in great detail. In this paper, attention is focused on the 

Ca-rich garnet in Liaoning kimberlite. This kind of garnet has rarely been reported and 

not abundant in this area. We obtained three types of garnet concentrated from the 

crushed kimberlite. They are lilac-red, orange-yellow and green series garnet. 

Mineral comoosition were determined by using a fully automated Cameca SX-50 

electron microprobe at the University of Tennessee, utilizing ZAF correction procedure~ 
• 

and JCXA-733 at China University of Geoscience. The lilac-red and orange yellow se-

ries garnets are compositionally characteristed by Ti-poor, Cr rich, and Mg-rich, and 

Ti02 > 1 o/o, Cr poor, and Mg-rich respectively. They can be compared with group 9, 

chrome-pyrope and group 2, high-titanium pyrope which statistical classification were 

established by Dawson and Stephens iri 1975, and can be considered from lherzolites and 

megacrysts paragenetically. However, the green garnets are Ti-poor Ca-rich, Cr-rich, 

and Mg medial. Compared with green garnet of other areas in the world, the green 
• 

garnets in Liaoning are similar compositionally to many previously reported single crys-

tals of green garnet at Kampfersdam, Newlands, and Bultfontein in South African and 
• 

Yakutia in USSR, although the green garnets in Liaoning are slightly lower in Ca and Cr 

than that in Newlands and Yakutia. They range to much higher Cao contents ap-
. . 

. 

proaching those of green garnet from crustal enviroments. 

Fig.1 illustrates data for green garnets, lilac-red garnets and orange garnets at 

Liaoning kimberlite and green garnets in South African and USSR. Those plots show a 

compositionally trend from low Cr and medial Ca to high Cr and high Ca, even though 
. 

the range of variation is wide enough. 
Clark and Carswell (1977) suggested that the formation of green garnet xenocrysts 

from the Newlands kimberlite were formed by a disaggregation of garnet wehrlite which 

themselves had been produced by a fractionating magma at a depth of ahout 200-250 
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km (75 kb) and 1900t . Schulze (f1988) speculated that green garnets from . 

Kampfersdam, Bultfortein, and Newlands may have originated through subduction and 
• 

prograde metamorphism of uvarovite-bearing serpentinites. However, Ca-rich garnet 

wehrlite has never been found and no evidence so far for subduction event exists in 
• 

• 

Liaoning kim berlite. 

Uvarovite can be for1ned through Si and Ca metasomatism of chromite (Deer, 

1982). It is reasonable to envisage that the Ca-rich and Cr rich gr~n garnet could be 
. 

formed during serpentinization and dolomitization of kimberlite, and those alterations 

were widespread in Liaoning kimberlite. The -chromium content being derived from 

Cr-spinel or partly from the rock itself. Such an origin w~uld account for the high C~ 

and Cr values and easy to explain their considerable variation of Ca and Cr content as 

well as a rough posit!_ve correlation between them. 

,........ 
~ c 

Fig. I Plot of CaO vs Cr20 3for selected garnets in 

35 crustal green garnets Liaoning Kimberlite (this paper); other data 
sources after Schulze (1988). 

30, chrome pyrope: open circle, 

high-Ti pyrope: cross, 

green garnet: solid circle. 
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Schulze, L.J., 1988. Kimberlites and Related 

Roe/a, Vol J.820-826. 

Deer, W.A., et al. 1982. Rock-forming Min­

erals, Vol. JA, 642-648. 

A PRELIMINARY STIJDY CM 11IE REOOX STATE OF 11IE II DIINA 

Mo Xuanxue,Hu Xia and Chen Venlin, China University of 
Beijing 1 , People's Republic of China · 

• lence&, 

A basalt event genetically related to continental rifting 1:ook place in 
the Cenozoic in eastern China. Various types of _, ic basaltic . laYaS, 
•inly olivine alkaline basalt and ite,contain abundant Mntle-derived 
peridotite nodules.The rock types of nodules are predominant spinel lherzo­
lite with •ineral assemblage of 01-()px-Cpx-Sp· and much less t garnet 
lherzolite,harzburgite,dunite and pJroxenite. nodules and their host 
basalts provide samples for studying the ition and ph19ical state of 
the upper mmtle beneath eastern China. 34 sPinel lheraolite nodules, in. 
which mole fraction of ferric iron in spinel is in the ran&e fn. 0.008 to 
0.047,collected fr<>11 various types of basaltic lavas at diff8reftt locations 
in eastern China were employed to calculate the oxygen f-.aciu in the 
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upper 11&ntle by using Mattioli & Wood (1988)'s moclelr
11 

and two sets of f 02 

values were obtained. One set. ~locf • 2 (Fill)= + 1.39 :t 0.62. indicat es an 
oxidized state, i.e., the oXYsen fugacity is higher than not only Ftll buffer 
but also NMO buffer, wher another set,~logf02 (Ftll)= +-0.74 ~ 0.47,shows 
a 11<>re r state being comparable to the oxygen fugacities in the upper 
11ant le beneath western Europe and Autralia,'6logf0 2 (Flll)= - 0.89 ± 0.58 and 
-1.78~.66 respectively, estimated by O'Neill & \lall (1987) 12 1

• two 
sets of data presoebly indicate the redox states in the upper mntle 
beneath eastern China in different stages. As 110St of peridotite nodules in 
the Cenozoic host basalts represent the refractory residue of the upper 
mantle after s•1btraction of basaltic melts caused by partial 11elting and 
these nodules must have been in equilibriU11 with basa·ltic in the 
source region, it is obvious that most of f 02 values, i.e •• the higher 
values, estimated on the basis of the activities of Mt, Fa and Fs in these 
ultruaf ic nodules reflect the redox state in the 11&ntle source r·esion 
during the generation of basaltic • 34 r.2 values ·calculated bJ using 
No et al. (1982) 

13
) 's 11ethod for the Cenomi·c ·pri•r~ basaltic in 

their source resi-ons are also hisher than ttNO buff er and in the range 
between NMO and Ill buffers, and should also indicate the redox state of the 
1Bntle source regions· themselves. Thus, the results given by the tvo above­
mentioned independent calculations are consistent with each other when the 
uncertainties of t he calculating methods are taken· into account. The first 
author POinted el re

1 4 1 
that, in comparison with Rin 's pyrolite, 

the upper 1181ltle source of the Cenozoic basaltic 118g118S and even the 
refractory residue have higher content of iron and ferric f erous ratio, 
i•plying a 110re oxidized state, which probabl1 attributed to the metasona­
tisa in the upper llBlltle by relative oxidized Fe-. Ti- and alkali-rich 
fluids/melts prior to and/or during the basalt event. As to another set of 
data, lower f 0 2 values, PoSSibly reflects the redox state in the Portion 
of the upper mantle that was not affected by the Cenozoic basalt event and 
related 11antle metasomatisa although further studies are needed. Th~, a 
preliainary conclusion could be achieved that the oxygen fugacity of the 
" pri11ative " upper mantle beneath eastern China was likely COllP8r8ble to 
that in SOiie other Portions of the world such as V.Europe and Australia, 
i.e., somehow lover than Fiil, and the upper 11antle 11<>re oxidized 
presU11Sbly due to the .Cenozoic basalt event and the 1181ltle met;asoatis• 
taken place prior to and /or during the basalt event. 
1 Mattioli,G.S. & 8.J.Vood(1988),Contrib.Mineral.Petrol.,98:148-162. 
2 O'Neill,H.St •. C. & V.J.Vall(1987),J.Petrol.,28·(6):1169-1191. 
3 Mo.X.,I.S.E.Caraichael.M.Rivers & J.Stebbins(1982),Mineral.h •• 45:237-

245. 
[4] Mo,X.: The states of the upper •ntle and asthenosphere beneath east~rn 

China during the Cenozoic basalt event. The 1989 GSC SY11POSiu• (in 
press). 

• ,· 

.,..,. m SQ!E MINlilW$ <J' THE EARTH'S - REVJWlf31 

~ Alian*, IBAMA·lllDlltt.Paul**, ~ J,jbe•, WA?«; Wuy.i*, Abii* 
* Laboratocy of Physical Mineralogy, Chinese Academy of Geological Sciences, 

Beijing 100037 I CHINA. . 
** t.alx>ratoire de Spectr · ·e Infra~e et Raman, CNRS, Lille 59655, • 
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In recent years, the investigations about the mantle xenoliths and 
~ ts indicate that various micro structural variances are carroonly 
~sted. Micro Raman spectroscopy was proved to be a very sensitive probe for 
studying the problems in this field. By means of Raman technique, the 
degeneration of long-rang ordering, caused by micro-structural variances, in the 
lattice of the pyrope crystals of di 'ferous kimberlites has been 

• 

r 'zed. It is illustrated in Figure 1 as the obvious difference in . the 
intensity ratios of three main (all have Ag synmetry, corresponding 
1, 2 and Rz nrxies) anoog the kimberlitic pyropes No.l, No.19 (Victory 1 pipe, 

, China) and the rlitic pyropes No.31(picrite-
. porphyrite,Gansu,China), No.53 (1. 'te, , China). It is also 

• 

manifested as the enlargement of the 'dths, the distortioo of the 

• 

rofiles, and the appearance of the SIMll shoulders for kimberlitic py1q>es.-
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~ther RaIMn experiment (Figure 2) oo a pyrope inclusioo {100x250 m in 
size) which was enclosed in a diaroond OOst (No.50 pipe, Liaoning, China) shows 
the similar spectral features with that of the above kimherlitic pyropes. As we 
known, the inclusions in dianm.d are the IOOSt ancient, original and una1 tered 
san11>les of the upper mantle which people could obtajned. So this Raman 
experiment proves that degeneratioo of loog-rq ordering in crystal lattice is 
really a structural dlaracter of deep source pyropes f or11led under the special 
Pbysical-chemi ca1 conditions of the 'JWer mantle envirooment. 

TlJ.s conclusion COl>l d be extended by further Raman tests oo other deep 
, 

source minerals. As shown in Figure 3, the particular spectral features due 
to the loos of loog-rq ordering in crystal lattice were also recognized 
in the Raman spectrum of a kimberlitic diopside (No.SO pipe, Liaoning, China). 
It S\WCSts that this micro structural variance, dist· · ed. on mantle sourced 
pyropes, C0\11 d possibly be a general structural character of many minerals 
forned in the mantle en · t, and CO\.Jld reflect the canplex physical­
chemical condi tioos which these mi neral.s underwent. A CCfOl>rehensi ve study of 'l'EM 
• • 
is going oo. 

References: 
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• 

Wang Wuyi, Guo Lihe, Wang Alian, · Arm ,Insititute of Mineral Deposits, CAGS, 
26 Beiwanzhuang Road, Beijing 100037,0dna 

. 

It was non11Bl ly considered that there is no hydrous CC111Jment in pyrope, but 
recent spectroscopy research revealed that sate pyropes do have minor hydro1s 
caniaier1t in their lattice (Aines RD, Rcsstnan GR,1984). 'lhe infrared and Raman 

• 

spectra of pyropes fran e Jdmberlite pipe, dian-.:nd and a1kali basalt have 
been disct1sscd. 

Forty pyrope samples had been selected out r y f ran the coocentrates of 
kimberlite pipe 50, in Li · , China. Reprcsentive IR experjmental res1lts are 
shown in Fig .1. About 10'6 of these samples has a caniiarati vely high · coo.tent of 
hydro.is t (0.1-0.2 wt%, as estimated). A stroog absorptioo band near 
3600Uii-1 exists as shown in spectrtnn C. caltents in the other samples are 
carrparatively low or beyood the detective limit of the instrument, as spectrun B 
and spectmn A. Mi.all infrarei analysis j rdi cated that hydro1s CCtJl}aient 

distributed a]11mt b:lqeneo.1sly in the analysised grain. In additiai, no 
relatioo exists betweoo. the caltent of cxm11moot and its cba••ical 

. ccqnsitiai. All the spectra of six grains frao alkali basalt, in 
Liaari.IWJ, Olina, are quite flat in the regiai of 3800-3500a11 1, de•oostratmi that 
all the samples analysjscd have oo water at all or are beyald the instrunent 
detective limit. 'lberefore, · the differences in fottnatioo and evolutioo. of the two 
types of rocks are reflected in the fine st clJaracter of their py1opcs. All 
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• 

the experimental rPS1_ll ts are canparable with the tests of !'Yropes fran Colorado 
Plateau diatrancs, Wesseltoo kimberlite of Sooth Africa and alkali basalt of 
Tailand. 

· Micro Rcunan analysis of a _ _..... tic py.rope inclusioo frao a type I diaa1•ni of 
Pipe 50 that there are three baJ~s (3719an 1, 3647ao 1, 3575aa 1) in the 

• 

• 
• 

• 

• 

, 

' 

• 
C) ,.._ 
LO 
("I') 

• 

4000 3000 
WA · 011 1 

<JI stretd•jl'WJ vih:aticn r&Jiai ildicatlDJ the 
ex·i stence of hydrow canimmt in the 
incl~iai(Fig.2). Fran the exierimmtal IESt•lts 
cm both JMctlX'tysts aM inclusioo pyrqes, it is 
ccncluded that pyropes with varioos <Xlltents of 

ca11ma1t were f011ood urder diff ere11t 
upper usntle env i raments. ca111co:s1t does 
exist as deep as the depth where dia11acni was 
fonood in the 11pr mantle. 

• 

It was Sllw:sed that the (SiOl)4-
tetr is substituted by (04114)4- groop in 
S4 site of pyrope lattice (Cdlen-Addad C, et al 
1967). Bciscd oo. this nalel, the 3720cm-1 Ranan 

• 

band belaWJS to the sane synmetric specj es Ag 
of the tal band near 920cm-1 (Vl) of 
(Si04)4- groop. analysis inlicates 
that both bands shoold have same polari?atioo 

• 
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Fig.2 Raman spectrtn of inclusioo 

Fig.1 IR spectra of py1'0pCS 
• 

behaviour. But the experiment results are in ca1tradiction with this: the 920cm-1 
band is in nearly · · intensity at certain polarizatioo angle where 3720cm-1 .. 
band is in · • Further stLldy about the ·m:del is being carried oo. 

It is considered tt1at the hydroos canp:ment in pyrope rCSl>l ted fran mantle 
' . 

nletasanatism. '!he discovery and study of cauponent in pyrope, which is an 
important canponent of the upper mantle, is significant to the upper mantle 
research, as well as to the Wl.derstanding of genesis of kimberlite and dia110ld. 
References 
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MINERALOGY AND GEOLO.GICAL IMPLICATION OF THE UP-

Wu Dianyina , Jilin Research Institute of Mineral Resouces and Geolo2y , China f :J ~ <,, 7 
Nonferrous Metal Industry Corporation, Cban2chun 130012, P.R. China 

The Cen.ozoic basalt distributed alon2 the Yitong fault zone contains a lot 
• . 

.ultranafic inclusions of the upper mantle , which are spacially related to the basalts 
• 

and have the aaembla2e of OI+Opx+Cpx+Sp • 
• 

OLIVINES 
. 

Olivine , Fo = 89-91 , often shows mortar texture , in which the kink bands are 

common • In aroundma~ it occurs as recrystalline microcrystal • The feature of the 
• 

kink bands indicate that the olivine und.erwent plastic slip deformation • On the 
• 

univeral sta2e , the slidin2 system with (010) (100) has been determined ; the slidin2 
• • . 

direction of the olivine which has two .groups of kink bands is in (100) for the earlier 

one and in [010) for the latter one. Accordin2 to Carter's (1970) flow experiment, 
• • 

the temperature for forming the olivine in this area should be over lOOOt. The ·fab­

ric deiermination shows that the olivine has an obvious selected orientation , 
• 

reflectib2 the general plastic flow in the upper mantle • By measurin2 the size of the 
. 

smallest new crystalloblast of ollv~e and using Mexcier's (1976) experience {ormu-
• • 

• 

la :a= 40 d-o.11and Gaety's(l97S) experience formula :u = 11 do.s, the value of flow 
. 

stress for olivine is calculated (about 1.42-:-l.08Kb) . The dislocation substructures 
. 

for olivine are developed •. Among which the relatively obvious tyoes are high density 
• • • 

. 

unbound dislocations and .dislocation tilt walls with (100)(001) • On the basis of 
• 

Torium's (1979) for111ula :d = KGb I a , from the dislocation wall interval d , the 
• • 

value of flow stress is calculated (a= l.6SKb) . By usin2 the hi2h temperature flow 

. 
• • 

the strain rate :s = 1.25 x 10-1
' I second is obtained • 

ORmORHOMBIC PYROXENE 

Orthorpyroxene , En== 89.4-90.3 , often occurs as large cataclast , and the dis-

dnct kink bands can be commonly seen • 

CLINOPYROXENE • 

• 

Emerald green • The composition of clinopyroxenes (chrome diopsides ) are 
• 

consistently changing from Wo 34.4, En 51.2 Fs ~.4 to Wo 44.3, En 49.3, Fs 6.3 . 
• 

Its partial melting texture is well ~eveloped • Among the grains , partial meltin2 

blebs can often be observed • The stable temperature and pressure for clinopyroxene 
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are estimated at T = 1034~ -1102t , P = 19.1-23.8Kb. 

Mineralogical study of inclusions is of an important significance in revealin2 

the composition of the upper mantle in this re2ion , the dynamic mechanism of 
• 

lithosphere plate , the. origin of basalt and the Cenozoic plate activities in 
• 

particultar o 
• 

AI-RICH AMPHIB · LES IN P ODUCTS OF MELTING-EXPERI-
MENTS AT HIGH P ES ES* . 

ie Hongsen, Hou ei, Fan2 ong, Zhang Yuem· g and Xu Hui ang, Institute 

of Geochemis ry , Chinese Academy of Sciences , Guiyang 550002 , Guizbou , eo­

p es Republic o China 

• 

orde to understand he behavior of water in the mantle , we have studied 

~ome hydrous mineral phases in products of melting-experiments , taking the 
• 

• 

s· ica e phase from Jilin chondrite as a starting material at 30-40 kbar . Some 
• 

kinds of Al-rich amphibole were discove d in these experimental products , and the 

X-Ray power differaction analyses , infrared spectra , DTA and electron 

microproble analyses of these Al-rich ampbiboles have been carried out . The ex-
• 

perimental condition and results of electron microprobe analyses are listed in Table 

1 . Accordin2 to the nomenclature and classification of amphiboles provided by 

CNMMN IMA (1978), These Al-rich amphiboles belon2 to M1-2edrite , 2edrite 

and par2asite , respectively • As is shown in Table 1 , the AI-rich amphiboles are 
• 

formed at 1170t to more than 1600t at 30-40 kbar and their Na20, K20, CaO 
• 

and Ti01contents increase but MgO content decrease with increasin2 temperature • 

The temperature and pressure at which these AI-rich amphiboles are formed have 
Table 1. The Experimental Conditions , Mineral Assemblage of Products and 

• • • . . 

Results of Electron Microprobe Analysys of Al-Rich Amphiboles • 
• . 

. . 
• 

No. Y-71 Y-81 Y-26 Y-27 
• YF-Hl YF-H2 

• • 

. 
P(kbar) 35 35 30 30 40 . 40 • • 

• 
• . 

T(t) 1170 1170 1500 . • . 
1500 >1610 >1610 

Assem· 
Mg-ge Mg-2e ge 2e · pa Pa 
Pyx Pyx Pyx .Pyx I • sp sp . 

blage · of . • 

Product 
sp .SP 
cor . cor • 

* • 

Py ·Py . 

• 
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aone beyond the stable range of other types of amphibole in the mantle • We there­

fore consider that Al-rich ampbibolee may be main hydrous mineral in the upper 

mantle . The Mg-gedrite and gedrite may be stable at· upper levels of the upper 

mantle and the par2asite at deeper levels of the upper mantles . 
• 

. 
R Its f El Mi esu 0 ectron cro >robe Analasys of Al-Rich Am [)biboles ,·wt. 01o· 

Sl02 S0.06 .C9.59 34.11 34.35 41.23 
Tl02 - • - 0.29 0.12 1.13 
Al20 3 10.75 . 11.03 26.04 21.69 lS.23 

. 
• 

Cr20 3 0.82 . 0.78 - - -• 

FeO 6.7~ • 8.42 
• 

21.71 26.36 19.44 
MnO 0.55 0.45 0.67 

• • 0.47 0.58 
Mao 30.54 27.24 12.64 12.12 9.26 

. 
Cao 0.43· 0.45 ·2.98 2.83 • 6.55 . • 

• 
• 

Na20 0.13' 1.59 . 2.37 . 4.46 -
K20 - - 0.12 • 0.13 0.62 
Total 99.89 98.09 100.15 . 100.44 98.50 

. . 
• 

. 

• 

* 2e--2edrite 
fo f osterite 

pa--pargasite Pyx-~pyroxene sp--spinel 
cor--coruildum · . Py--pyrope 

• 

* The Project supported by the National Natural Sciences Foundation of China • 
• 

• 

• 
• 

41.02 
1.64 
lS.29 
-
18.33 
0.57 
9.28 

6.69 
4.15 
0.64 
97.61 

• 

• 

. 

• 

A DISCUSSION ABOUT EXISTENCE OF NATURAL y-SPINEL 
(SPINEL MODIFICATION OF Mg2Si04) IN MANTLE PERIDOTITE 
FROM NORTH TIBET 

• 

. 

Yang Fengying, Kang Zhiqin, Liu shuchun, Institute of Geology, Chinese Aca-
. 

demy of Geological Sciences, Beijing 100037, People's Republic of China 

• 
The Mg2Si04 is probably the most important component in the upper man-

. 

tle. The spinet modification of Mg2Si04 was synthesized at pressure about 170 
• 

kbar and lOOOt (by Ringwood and Major, 1966) and may be a typomorphic 

mineral probably existing in lower part of the upper maritle. Some foreign scien­

tists have made great contributions in· studies on high-pressure phase transition 

of Mg2Si04, but these studies at present are only confined to experiment and 

synthesis. . 

A special pseudomorph of serpentine ( lizardite aggregate with spine] f or1n) 
. 

was discovered in Cr-rich (Cr20 3 > 60%) chromite from some diamond bearing 

peridotites in North Tibet . . Optical properties, chemical compositions and x-ray 

.. data are similar to that of fibrous serpentine resulted from alteration of general 
• 

oliv~ne. The octahedral serpentine may transform into octahedral chlori·te and 
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• 

• 

• 
• 

chrom bearing chlorite. 

Chemical compositions and optical characteristics of octahedral sepnentine 

. . can be summarized as follows: 
• 

42.57 . 
0.73 

• 

a0 =5.320A b0 =9.198A 

Ng~Nm= 1.560± 0.003 
• 

41.55 
0.05 

• 

c0 = 7.297 A 
• 

-2V=3-5 ° 

0.10 
15 

/J= 90 o 07 I 
. 

• 

Based on me11tioned above materials we can make following discussions and 

inferences: • • 

1, It is believed that the new octahedral pseudomorph of lisardite, unknown 
• 

in any literature, occurs only in especial peridotite from the lower part of the up-
• 

per mantle. 

2. The primary mineral of the secondary octahedral pseudomorph of serpen­

tine may be natural y-spinel in the mantle peridotite, because only y-spinel has 

either octahedral form, or composition Mg2Si04 , transforming commonly into 

serpenti~e. 

3. The perfection of octahedral crystal form in the serpentinization procces 

may be attributed to the protection by chromite envelops. 

4. According to the synthetic pressure of y-spinel, we suppose pendotite in­

cluding serpentine with spine] form ought to come from 500kin in depth of the 

upper mantle . 
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A bi-mineralic CGt+Cpx) nodule has been found as 
the only eclogitic inclusion in the kimberlite of tt1e 
large breccia pipe at Menying, Shandong province. The 
largest section of the nodule is 2.8*4.6 cm2 • Rounded 
red garnet crystals are rimmed by dark glass, ~hich 
together make up about 40% of the sample. Two kinds of 
clinopyroxene together making up about 50% of the 
sample can be i~ecognised. One is represented by large 
green primary Cpx c rystals, the other by i rregular 
secondary Cpx crystals which g r ew around the edges, o r 
along the intracrystalline fractures of the primary 
Cpx. Secondary phlogopite, Ti-magnetite, corundum and 
apatite, together with the penetrated kimberlitic 
component make up about 10% of the sample. 

The garnet is very rich in Mg CPyr74 Alml7 Gro8 
And0.7 Uva0.7) and almost homogeneous in composition. 
The glass around the garnet has about the same 
composition in terms of the major elements Al, Fe, Mg, 
and Ca; apparently it is the partial melting product 
of the garnet at low pressure (cf. Lappin, 1978). 
Primary Cpx is Na-augite (Jd8.9 Acl.3 Es0.6 Di67.4 
Hd5.8 Enl5. 0 Fsl.3) and becomes rich in Ca near to its 
edges and to the intracrystalline fractures where 
secondary Cpx occurs. The secondary Cpx has very high 
contents of diopside and Ca-Tschermak molecules (Jdl.1 
CaTs6.4 Di78. 1 Hd6.2 En7.4 Fs0.6). The compositional 
features o f the two kinds of Cpx and the textural 
relationsh ips between them indicat~ that the secondary 
·cpx is the reac tion product of the primary Cpx and the 
host k imberlite melt at low pressure. Na2 0 in the 
garnet is 0 . 03 8 wt%, and K2 0 in the primary Cpx is 
0.08 5wt%. This incl u·s i on i s thus a g roup I I kimberlite 
e clog ite, accordi ng to the cr i te ria p roposed by 
Mccand l es s 8 Gurney(1 986 ) . ' 

Rare e arth element con tents o f Gt a nd p rima r y Cpx 
a re low (5xchondrite) compar ed wi t h t he ki mber l i te 
ec logitcs from other l ocal i ties {e .g. She rva is e t al , 
1986). This indicates t hat the e clogitic rock 
described here was not crystalized from the ho$t 
kimberlite melt. On the other hand, the significant 
positive Eu anomalies in the REE patterns of Gt and 
Cpx strongly suggest that the protolith of the Gt+Cpx 
assemblage was of gabbro -ic composition, similar to 
those discussed by Jagoutz et al (1985) and Schultze 
and Helmstaedt,1988). In addition, the lack of typical 
magmatic components (e.g. CaTs) in primary Cpx is in 
accordance with a metamorphic origin of the rock. 

The distribution coefficient of the Fe-Mg exchange 
reaction <KD> between Gt and primary Cpx in the 

• 

inclusion is 0.902, indicating a very high equilibrium 
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• 

temperatur e for the a s semblag e . The KD li ne is loc at ed 
below the kimberlite solidus (Egg le r & Wendlant, 1979) 
in the r·ange P~43 kb and T~l060 't. The cross section 
of the KD line an d the 44 mWm2 shiel d geot herm 
indicates P , T . values £01 ... the fo1 ... matio n cJf the 
inclusion 52 ?>.kb and 1110 °C. These data suggest a 
m e c h a n i s m o f · s· t1 b d u·c t i o n f o i-- t h e f o r ma t i o n o f t h e 
eclogitic inclusion. which may have been t1~ansformed 
from possible former oceanic crust . 

• 

COMPARATn~ S'IUDY OF INCllJSIOOS IN D_..._r'll.I. 
NORTH CHINA CRA'IOO 

• 

..,,,,,, wrm MACROCRYSTS FRC!f KIBBJ!J<I, I Te:S IN 

ZHANG ~ndi, MEYER H.O.A.*, Gll) Lihe, ZHOO Jianxiong, m Xilin, WANG Alian, XU 
Dehuan1 WANG Wuyi, GAO Honglin 
Institute of Mineral Deposits, CAGS, Beijing 100037, China, 
*~.apt E.~ , Purdue University, West Lafayette, m 47907, U.S.A. 

The canparison of mantle ma ts with inclusions in diaroc>nds fran 
diaroc>ndiferous kimberlites is of ~rtance in the study of the upper mantle and in 
e..xploration for diaioond. '!he mineral association, chemistry, IR and Raman 
spectroscopic features of macrocrysts and inclusions in diaoonds fran pipe 00. 50 
in Liaoning and the Shengl i pipe in Shandong in the North China Craton have been 
in~iestigated.The macrocrysts were gajned fran the concentrates of 4 and 0.5 cubic -
metar rocks respectively of the two pipe.A.lxlut 60 syngeneti c inclusions were 
obtain2~ from 325 posisble inclusion bearing dial'OC)nds which themselves were 
selected fran 625 carats of diarrond having the size range 1-2rrm • On the basis of 
the mi neralogical data obtained, the following conclusions may be drawn: 

1. The mineral association of the macrocrysts is limited, mainly canprising 
of Cr-pyrope and chranite. In addition, almandine-pyrope, ruby and rutile are also 
present but rare. Fresh xenolith consist predaninant of gainet lherzolite and 

' 

dunite , with minor eclogite.'Ihe majority of inclusions studied belong to the 
ultramafic (peridotitic) suite, only two examples of eclogitic suite inclusions 
(pyrope-almandine and anphacite) were obtained (Zhang and Meyer, 1989).Ma ts 
from both pipes are ll()Stly of peridotite type with a few examples of eclogitic 
rrJ.ner1ls. The chemical features of low ea, er-bearing gax·net and chranite 
nacro:.~rysts are shown below: 

py-rope 

wt% 

Cr203 
cao 

Cr203 
!1g0 

macrocrysts 

1.73-15 .3 
1.70-5.2 

34.3-66.5 
7 .. 4-15.7 

Inclusions 

8.3-14.4 
2.0-7.2 

63.8-66.9 
11.9-13.9 

.2. The macrocrysts are sitnilar in micro-structure to the inclusions. IR and 
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• 

• 

Raman analysis revealed the presence of canp:nents in both g1wps, which 
also exhibit a egeneraticm of lCDJ range ordering (Vang Alian et al., 1989: Wang 
wuyi et al., 1989). · 

• 

'ftlus, this study supports the coocept that the diai1tni · barzhJrgitic 
rocks fran which they are t to be derived have disaggretJClted with great 
efficiency en sampling by the Jdmberlite, a process which has been asci'ibed to 

· decarbooati oo reactioos( proposed by Boyd & ,1986; Wyllie et al 1983; Shimizu 
and Richardsoo 1987) or to the presence of an interstitial volatile K, IR!E, C02 
enri ched melt( Harte et al 1980; Richardsoo et al; 1984)( JJ, 1989) , and 
provides new evidence · the simjlarities in both · try and micastructtire 
between ma.C?octysts and inclusioos in the dianalds fran diarradifm:n1s Kimberlites. 
It is clear that besides K, IR!E, and C02, the al as another volatil species has 
been involved in the disaggregatioo of harzhirgite and sami•ling by Jdmberlite. Its­
involvaoent extent rBMjm to be studied. 

(3) 

(4) 

J.J., 1989, K;mberlites and related rocks, VOl 2, P 955 
ZIW«i1 AOOi and MIMJt . H.O.A. 1989, Mented Abstracts 
dianads, 28th Intein. Geol. Ccq. • 

WAt«i Alian, et al, 1989, The Mic1·0 structural Variance In 
Mjnerals Of Tbe Farth's Mantle - Revealed By Mia'O Ranan Slfect~. 
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• 

• 

• 

• 
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